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© LHRH analogs. 

© The present invention relates to novel "pseudo" nonapeptide and decapeptide derivatives of LHRH. More 
particularly the present invention relates to derivatives of LHRH wherein the nitrogen atom of at teast one of the 
amide bonds has been alkylated. 
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srs r^^sc- — * m * - — ' — • 

Ba ckground Art 

***** Hor^e Rele^ Ho m . n e. known as LHBH or MH is * d~P*» -» « — *» 

formula: 

f pyro)Glu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH 2 thQ release 

LHRH is released from the Subsequently. LH and FSH act on 

cf LH (Luteinizing Hormone) and FSH (Follicle - Stimulating Hormo , m ^ 

the gonads to stimu.ate the synthesis of steroid ^^^^^S^^ humans. Acute doses 
the release of LH and FSH, contro.s the <**°*^*£ l^norLe^n both animals and humans, 
of LHRH agonists increase the tevels of LH a d stero* sex ho ^ ^ 

Paradoxically, chronic doses of *ese agonists supp ess the e ^ jn ^ femaIe 

sequently. the effect of multiple doses of LHRH ^^^^^ ? n both animals and humans 
and suppress testosterone formation « ^^SS-I. LHRH agonists are currently used or 

after administration of acute or chrome ^doses of J^ a ££^ d den ^ diseases such as prostate 
under clinical investigation for the treatment berty and breaS t cancer. They 

cancer, prostatic hypertrophy. ^™f'°f^^ J. Sandow. et al. in 

have also been used as contraceptives. For a ^^V^^ edite d by D. Gupta and W. 
-Hypothalamic Hormones. Chemistry. Physiology, and Clinical Appucatio 

Voeters, p. 307 (1978). studied in animals and humans. All of them are 

Many biologically active LHRH analogs have been studied int ravaginal admin- 

effective by either intraveneous. '^^^^^^^ show0 - 1% t0 1% ***** 
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Summary of the Invention 

More particularly the present invention relates to aenvauvc* 
cne of the amide bonds is alkylated. 

Erief Description of the Drawings 

Figure 1 is a comparison of the in vitro intestinal stability of 
^pyrOGIu-His-Trp-Ser-Tyr-D-Leu-Leu-Arg-Pro-NHEt versus 
(pyro)Glu-His-Trp-N-Me-Ser-Tyr-D-Leu-Leu-Arg-Pro-NHEt. 

Disclosure of the Invention 

The compounds of the present invention are of the formula: 



2 
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A-3-OD-S-F-G-H-I-J ( I ) 

123456789 10 

or a pharmaceutical^ acceptable salt thereof; 

wherein A is an amino acyl residue selected from the group consisting of L-pyroglutamyl, D-pyrogiutamyl, 
N-acetyl-L-prolyl. N-acetyl-D-prolyl, N-acetyl-L-deita 3 - 4 -prolyl, N-acetyl-D-delta 3 ' 4 -prolyl, N-acetyl-L- 
phenylalanyl, N-acetyl-D-phenyiaianyl, N-acetyl-L-3-4-chlorophenylalanyl, N-acetyl-D-3-4-chlorophenylalanyl, 
N-acetyl-L-3-4-fiuorophenylalanyl. N-acetyl-D-3-4-fluorophenyialanyl, N-acetyl-L-3-2-naphthylaianyl. N- 
acetyl-alpha-methyl-L-3-4-chlorophenylalanyl, N-acetyl-aipha-methyi-D-3-4-chlorophenylalanyl f N-acetyi-L-3- 
4-trifluoromethylphenylalanyl. N-acetyl-D-3-4-trifluoromethylphenylalanyl, N acetyl-L-tyrosyl. N-acstyl-D- 
tyrosyl, N-acetyl-L-O-methyl-tyrosyl. N-acetyl-D-O-methyl-tyrosyl. N-acetyl-0-3-2-naphthylalanyl, N-acetyl-L- 
3-l-naphthyialanyl, N-acety I-3- 1-naphthy lalanyl. N-acetylsarcosyl, N-acetylglycyl, L-N-acetyl-N-methylalanyl. 
N-acetyl-N-methyi-D-alanyl, N-acetyl-alpha-methyi-L-phenylalanyl, N-acetyl-alpha-methy)-D-pheny(a!anyl. N- 
acetyl-D-phenylaianyl, N-acetyl-L-phenylalanyl, N-formylsarcosyl, N-formyl-N-methyi-L-alanyl, N-formyl-N- 
methylalanyl. 2-N-(ethylaminocarbonyl)-5-N-(ethylamido)glutamyl. N-delta-ethyl-glutamyi, L-prolyl, D-prolyl, 
L-delta 3>4 -prolyl. D-delta 3 - 4 -prolyl. L-phenylalanyl, D-phenyialanyl. L-3-4-chlorophenyla)anyl. 0-3-4- 
chlorophenylalanyl. L-3-4-ftuorophenylaIanyl, D-3-4-fluorophenylalanyl, alpha-methyl-L-3-4- 
chlorophenylalanyl, alpha-methyl-D-3-4-chlorophenylalanyf. L-3-4-trifIuoromethyfphenylalanyl, D-3-4- 
trifluoromethylpheny lalanyl, L-tyrosyl, D-tyrosyl, L-O-methyl-tyrosyl, D-O-methy l-tyrosyl, sarcosyl, glycyl, L- 
N-methylalanyl f N-methyi-D-alanyl, aipha-methyi-L-phenylalanyl. alpha-methyl-D-phenylalanyl, D- 
phenylalanyl, and L-phenylalanyl; 

B is absent or an amino acyi residue selected from the group consisting of L-histidyl, D-histidyl, L- 
phenylalanyl, D-pheny lalanyl, L-3-(2-naphthyl)-alanyl, D-3-(2-naphthyl)-alanyl. L-3-(1-naphthyl)-aianyl, D-3-(l- 
naphthyl)-a»anyl. L-3-(3-pyridyl)-aJanyi t L-3-(2-pyridyl)-aianyl. D-3-(3-pyridyl)-alanyl, L-3-(3-pyrazolyl)-alanyi, 
D-S-^-pyrazolylValanyl, L-3-<4-chlorophenyl)alanyl, D-3-(4-chlorophenyl)alanyl, L-3-(4-fluorophenyl)alanyl, 0- 

3- (4-f!uorophenyi)aJanyl. L-alpha-methyl-3-(4-chlorophenyl)alanyl, D-alpha-methyl-3-(4-chlorophenyl)alanyl, 
{3S)-1 ,2.3.4-tetrahydrpisoquinoline-3-carbonyl f (3RH .2.3,4-tetrahydroisoquinoiine-3-carbonyl f (2)-N- 
(ethylaminocarbonyl) (5)-N-<ethylamido)glutamyl, L-3-(2-pyridyl)-alanyl, D-3-(2-pyridyl)-alanyl, L-3-{3- 
pyridyl)-alanyl. [XHS-pyridyO-aianyl, L-3-<3-quinolyl)-alanyl, D-3-{3-quinolyl)-alanyl, N-(R 3 i)-L : pheny1alanyl, 
N-(R 3 1 )-D-phenylaJanyl, N-(R 3 1 )-D-3-4-chloropheny lalanyl, N-(R 3 1 )-L-3-4-chioropheny lalanyl. N-<R 3 1 )-D-3-4- 
fluorophenylalanyi, N-<R 3 1 )-L-3-4-f!uoropheny lalanyl, N-{R 3 1 )-L-3-4-trifluoromethylpheny lalanyl, N-(R 3 1 )-D-3- 

4- trifluoromethylphenylalanyl, N-<R 3 ,)-L-0-methyityrosyl N-{R 3 i)-L-tyrosyl, N-(R 3 i)-D-0-methyi-tyrosyl, N- 
(R 3 i)-D-tyrosyl, N-(R 3 i>-L-histidyi, N-<R 3 i)-D-histidyl, N-(R 3 i)-D-3-(2-naphthyl)-alanyl. N-(R 3 1 )-L-3-(2-naph- 
thyl)-alanyl f N-(R 3 ,hD-3-(1-naphthyl>-alanyl ( and N-(R 3 0-L-3-(1-naphthyl)-alanyl. wherein R31 is methyl, 
ethyl, propyl or isopropyl; 

C is an amino acyi residue selected from the group consisting of L-tryptyl t D-tryptyt, L-phenylalanyl, D- 
phenylalanyl, alpha-methyl-L-phenylaianyl, alpha-methyl-D-phenylalanyl, L-3- 1-naphthy lalanyl. 0-3-1-naph- 
thylaianyl, L-O-methyltyrosyl, D-O-methyltyrcsyl, L-3-4-chlorophenylalanyl, D-3-4-chlorophenylalanyl t alpha- 
methyl-L-3 4-chlorophenylalanyl, alpha-methyl-0-3-4-chlorophenylalanyl t L-3-4-trifluoromethyiphenylaianyl, 
E>3-4-trifIuoromethyiphenylalanyi. L-3-<3-pyridyl)-alanyl, D-3-<pyridyl)-alanyl, L-3-(3-quinolyl>-alanyl, D-3-{3- 
quinolyl)-alanyl. L-3-<2-naphthyl)-alanyl, D-3-(2-naphthyl)-alanyl, N-(R 32 )-D-phenylalanyl, N-(R 32 )-L- 
phenylalanyl, N-(R 32 )-D-tryptyl, N-(R 32 )-L-tryptyl, N-<R 32 )-r>3-4-fluorophenylalanyl, N-(R 32 )-L-3-4- 
fluorophenylalanyl, N-<R 32 ) D-3-4-chioropheny lalanyl, N-(R 32 )-L-3-4-chlorophenylalanyr. N-(R 32 )-L-3-4- 
trifluoromethylphenylalanyl, N-(R 32 )-D-3-4-trifluoromethylphenylalanyL N-(R 32 )-D-3-(2-naphthyl)alanyl, N- 
(R 32 )-L-3-<2-naphthyl)alanyl, N-(R 32 )-0-3-(1-naphthyl)aianyl, N-(R 32 )-L-3-<1-naphthyl)alanyl. N-(R 32 >-0 
methyl-D-tyrosyl and N-(R 32 )-0-methyi-L-tyrosyl, wherein R 32 is methyl, ethyl, propyl or isopropyl; 
D is an amino acyl residue selected from the group consisting of prolyl. L-seryl, O-benzyl-L-seryl. L-alanyl, 
L-threonyl. N-(Ro)- L-seryl. N-<Ro)-L-seryKw-';enzyl). N-(R 0 )-L-aIanyl, and N-(Ro)-L-threonyl wherein Ro is 
loweralkyi or ailyl; or D is -N(Et)CH 2 CH(NHMe)C<0)-; 

E is an amino acyi residue selected from the group consisting of L-tyrosyl. L-O-methyl-tyrosyl. L- 
phenylalanyl, N-(Ra3>-L-tyrosyl f N-<R 33 >-0-methyl-L-tyrosyl, N-<R3 3 )-L-pheny lalanyl and N-(R 33 )-0-ethyl-L- 
tyrosyl. wherein R 33 is methyl, ethyl, propyl or isopropyl; or E is 
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H (CH 2 ) 
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H30 o 
HMCH 2 ) n 



I 

Ri 
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wherein n is 1 to 4; R 3 o is methyl, ethyl, propyl or isopropyl; and Ri is 



75 



20 



25 



30 




NHR 2 



„ -NHRs whsr* ft. ,s hydrogen. ,ov«„M. -^^J™^ £ % n^i* 

ring system having one, two or three heteroatoms n p J met hoxy, amino, alkylamino and 

^ y ^^ — - L * «• independent,y 

ssiis,^ — .ir synthetic - 

non-naU.raT^pha.amino acids, including, but not limited to. a D-ammo acyi res,due of the formula. 



O 



(CH 2 ) 




N 



or 



R34 



or 



•C(R 35 )(R3s) 
P 5 



C(R 3 S)(R36) 
I 

Rs 



35 



40 



-*5 




NHR: 



c 
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or -NHR7 wherein R, s hydrogen, loweralkyl. cyc.oa.ky. or R 6 ^^^^Se^ 
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(cyclohexyi)-L-aianyl, N-(R 3 8)-L-cyciohexylaianyl, N-<R 33 )-valyI. phenyiaianyt. N-(R 33 )-phenylafanyl, N-(R 38 >- 
tryptyt, N-(R 38 )-tyrosyl, prolyl, pipecolyl, seryl ana N-(R 38 )-seryl, wherein R 33 is methyl, ethyl, propyl or 
isopropyi; or 

F and G taken together are 




wherein R47 is hydrogen, loweraikyl, 3-indolylmelthyl, 2-naphthylmethyl. benzyl or substituted benzyl 
wherein the phenyl ring is substituted with a substituent selected from hydroxy and methoxy; 
H is an amino acyl residue of the formula: 




wherein p is 1 to 4; R 39 is methyl, ethyl, propyl or isopropyi; and Rg is 




NHR 10 



or -NHR10 wherein R10 is hydrogen, loweraikyl, cycloalkyl or R 22 C(0)- wherein R 22 is a heterocyclic 
aromatic ring system of one ring or two fused rings, each ring having 5 or 6 atoms, and the heterocyclic 
aromatic ring system having one, two or three heteroatoms independently selected from nitrogen, oxygen 
and sulfur; or R22 is a substituted phenyl wherein the substituent is selected from methoxy, amino, 
alkylamino and dialkylamino; or R 9 is -NH(Ri i)C(0)NH(R, 2 ) or -NH(Ri 1 )C(NH 2 ) = NRt 2 wherein R,, and 
R12 are independently selected from -hydrogen, loweraikyl and cycloalkyl; 

I is an imino acyl or aliphatic amino acyl residue selected from the group consisting of L-proiyl, L-pipecolyl, 
3-(!oweralkyl)-prolyl. N-methyl-L-alanyl, N-methyl-norvaiyl, 1-dihydroisoindole-2-L-carbonyl and thiazolidine- 
5-L-carbonyl; and 

J is 1-pyrrolidinyl, 1 -piperidinyl, 4-morpholinyl, or an amino acyl residue selected from D-alanylamide. L- 
alanylamide, sarcosylamide, N-(R* 0 )-D-alanylamide, N-(R4 0 )-L-alanyiamide, N-(R4o)-beta-L-alanylamide, N- 
(R4o)-beta-0-alanylamide, L-2-aminobutyrylamide, D-2-aminobutyrylamide. N-<R4o)-L-2-aminobutyrylamide. 
N-(FU 0 )-D-^-aminobutyrylamide, L-sery!amide, D-serylamide, N-(R* 0 )-L-serylamide, N-(R4o)-0-serylamide, 
N-(R4 0r <_ .lorvalylamide, N-(R4 0 )-D-norvalylamide, L-norvalylamide, D-norvalylamide, wherein R4.0 is methyl, 
ethyl, propyl or isopropyi; or J is -NHRs or -NHChfeCONHRa wherein Rs is hydrogen, loweraikyl, cycloalkyl, 
fluoro substituted loweraikyl or hydroxy substituted loweraikyl; 

or J is -NHNH-C(0)-NH-Ri 3 wherein R13 is hydrogen, loweraikyl, cycloalkyl, hydroxy substituted loweraikyl 
or fluoro substituted loweraikyl; with the proviso that the amide bond between at least one of the pairs of 
residues A-B, B-C, C-D, D-E, E-F, F-G, G-H, H-l. or l-J is alkylated on the nitrogen atom and with the 
proviso that the compound is not 

(pyro)Glu-His-Trp-Ser-Tyr-Gly-N-Me-Leu-Arg-Pro-G!y-NH 2 . (pyro)GJu-His-Trp-Ser-Tyr-D-Trp-N-Me-Leu-Arg- 
Pro-Gly-NH 2 , (pyro)Glu-His-Trp-Ser-Tyr-Gly-N-Me-Leu-Arg-Pro-NH 2 or (pyro)Glu-His-Trp-Ser-Tyr-O-Trp-N- 
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Me * L Cs?;omC H nds exhibit affinity for LHRH receptors. Compounds of the invention which contain D 
amino actds at positions 1. 2 and 3 or at positions 2 and 3, or which have oos.t.on 2 deleted are LHRH 
antannnkK Tha other compounds of the invention are LHRH agonists. 

TsTet fol aCe and'for convenience in describing this invention, the conventional abbre« or 
the common amino acids are used as generally accepted in the peptide art as 

HiPAr-lUB Commission on Biochemical Nomenclature, Biochemistry M, 1726 (1972) These represent l 

of the achiral amino acid glycine, and with the further excepts of any 
^u^M^^M which are achiral, or are otherwise designated as D-. All pept.de sequences 
m^ -cording to the generally accepted convention whereby the N-term.nal am.no 

acid is on the left and the C-terminal amino acid is on the nght. 

Other abbreviations which are useful in describing the invention are the followmg. 
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Amino acids, protecting groups, reagents 



L-N-(epsiion)-isopropyilysyi 
2-(pyridyl)-L-alanyl 
Arginine 

t-Butoxycarbonyl 
Ben2yl 

Benzyioxycarbonyl 
N,N'-Dicyclohexylcarbodiimide 

Glycine 
Histidine 

1 -Hydroxybenzotriazole 
Isoleucine 
Leucine 
Norleucine 
Norvaline 
Methionine 
Methyl ester 
Benzyl ester 
Phenylalanine 
Proline 

Pyroglutamic acid 
Serine 
Tosyl 

Tryptophan 
Tyrosine 

N,N-di-isopropylcarbodiimide 
Dehydro-alanine 
L-N-methylserine 

(2)-N-methyl-3-N-ethyl-diaminopropionic acid 
(2)-N-ethylureido-(5)-ethylamidoglutamic acid 
L-N-acetylsarcosyl 
L-N-formylsarcosyl 
3-(pyridyl)-L-alanyl 
3-(pyrazol;/l)-L-alanyi 

(3SH.2,3,4-tetrahydroiCM3uinoline-3-carbony1 

L-N-methyl-O-benzylseryl 

L-O-methyltyrosyi 

L-cyciohexyla!anyi 

3-<2-naphthyl)-D-alanyl 

3- <1 -naphthyl)-L-alanyl 

4- Oimethylaminopyridine 

BenzotriazoM .yloxy-tris(dimethylamino)phosphonium hexafluorophosphate 
Bt$(2-oxo-3-oxazolidinyQphosphine chloride ^ 



Abbreviation 



(isp)Lys 

2-Pai 

Arg 

Boc 

Bzl 

Cbz 

DCC 

Gly 

His 

HOBt 

lieu 

Leu 

Nleu 

Nval 

Met 

OMe 

OBzl 

Phe 

Pro 

(pyro)Glu 
Ser 
Tos 
Trp 
Tyr 
OIC 
DeAIa 
N-Me-Ser 
N-Me-N-Et-Dap 
EtuEtaGlu 
N-Ac-Sar 
N-Form-Sar 
3-Pal 
3-Pyrai 
3-Tic 

N-Me-Ser(OBzl) 
O-Me-Tyr 
Cha 

D-(2)-Nal 
(1)-Nal 
DMAP 
BOP 
BOPCI 
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The sequence of LHRH has been shown to be 

(pyro)Glu-His-Trp-Sec-Tyr-Gly-Leu-Arg-Pro-Gly-^ 2 . 
123456789 10 

Nona- and decapeptides in which the amino acid residues at particular places in the sequence have been 
replaced by other amino acid residues or other moieties are abbreviated by showing the nature of the 
substitution, superscribed by the location, followed by LHRH as the parent. For example, the sequence 

N-Ac-Sar-His-Trp-M-Me-Ser-Tyr-D-(2)-Nal-Leu-Arg-Pro-Gly-NK 2 
123 45 6789 10 

is represented 

[N-Ac-Sar-N-Me-Ser^-D-^hNar 5 JLHRH; and the sequence (pyro)Glu-His-Trp-N-Me-Ser-Tyr-D-Trp 5 -Leu- 
Arg-Pro-NHEt is represented 
[N-Me-Ser'-D-Trp 6 -Pro 9 -NHEtjLHRH. 

As used herein, the term "pharmaceutical^ acceptable salts" refers to salts that retain the desired 
biological activity of the parent compound and do not impart any undesired toxicological effects. Examples 
of such salts are (a) acid addition salts formed with inorganic acids, for example hydrochloric acid, 
hydrobromic acid, sulfuric acid, phosphoric acid, nitric acid and the like; and salts formed with organic acids 
such as, for example, acetic acid, oxalic acid, tartaric acid, succinic acid, maleic acid, fumaric acid, gluconic 
acid, citric acid, malic acid, ascorbic acid, benzoic acid, tannic acid, pamoic acid, alginic acid, polyglutamic 
acid, naphthaienesulfonic acids, naphthalenedisulfonic acids, polygalacturonic acid; (b) salts with polyvalent 
metal cations such as zinc. caJcium, bismuth, barium, magnesium, aluminum, copper, cobalt nickel, 
cadmium, and the like; or with an organic cation formed from N,N -dibenzylethylene-diamine or 
ethylenediamine; or (c) combinations, of (a) and (b). e.g.. a zinc tannate sait and the like. 

The term "loweralkyr refers to a straight or branched chain saturated hydrocarbon group having from 1 
to 6 carbon atoms such as, fpr example, methyl, ethyl, n-propyl, isopropyl. n-butyl. isobutyl, sec-butyl, tert- 
butyl, n-pentyl and n-hexyl. " 

The term "alkyl of 1 to 12 carbon atoms" refers to a straight or branched chain radical of 1 to 12 
carbon atoms. 

The term w cycloalkyr refers to a cyclic saturated hydrocarbon group having from 3 to 6 carbon atoms, 
for example, cyclopropyl, cyclobutyl. cyclopentyl, and cyclohexyl. 

The term "alkoxy" refers to -OR41 wherein R41 is loweralkyl including, but not limited to, methoxy, 
ethoxy, t-butyloxy and the like. 

The term "thioalkoxy" refers to -SR4.2 wherein R42 is loweralkyl including, but not limited to, -SCH 3f 
-SCH2CH3 and the like. 

The term "alkylamino" refers to -NHR44 wherein R44 is loweralkyl including, but not limited to. 
methylamino, ethylamino and the like. 

The term "dialkyfamino" refers to -NR45R4.6 wherein R45 and Rag are independently selected from 
loweralkyl including, but not limited to. dimethylamino, N-methyl-N-ethyl-amino and the like. 

Preferred compounds of the invention include: 
[N-Me-Ser*-D-Trp e -Pro 9 NHEtjLHRH; 
[N-Me-Ser*-f>Leu 6 -Pro 9 NHEtjLHRH; 
[N-Me-Ser*-D-2-Nal 6 ]LHRH; 
[N-Me-Ser*-r>Trp 6 -N-Me-Leu 7 -Pro 3 NHEt]LHRH; 
[N-Me-Ser 4 -D-Trp 6 -N-Me-Leu 7 -Pro 9 -AzaGly 10 ]LHRH; 
[N.Me-Ser*-D-0-t-butyl-Ser«-Pro 3 NHEt]LHRH; 
[N-Me-Ser*-D-Arg 6 -Pro 9 NHEtjLHRH; 
[N-Me-Ser*-D-Lys s -(N-epsilon-isp)-Pro 9 NHEt]LHRH; 
[N-Ac-Sar'-N-Me-Ser^-D-Trp 6 -Pro 9 NHEtjLHRH; 
[N-Ac-Sar 1 -N-Me-Ser 4 -r>2-Nai 5 JLHRH; 
[N-Ac-Sar , -Phe 2 -N-Me-Ser*-D-Trp 6 -Pro 9 NHEtjLHRH; 
[Phe^N-Me-Ser^-D-Trp 6 -Pro 9 NHEtjLHRH; 
[Phe 2 -N-Me-Ser*-D-2-Nal 6 JLHRH; 
[Phe 2 -N-Me-Ser*-D-Arg 5 -Pro 3 NHEt]LHRH; 



RAgf BlMIK 
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[D-4-a-Phe 1 - 2 -D-Trp 3 -N-Me-Ser*-0-Arg fi -D-Ala J0 ]LHRH; 

[N-Ac-Sar 1 -(2)-N-Me-(3)-N-Et-Dap 4 -D-Trp 5 -Pro 3 NHEt]LHRH; 

[(2)-N-Me-(3)-N-Et-Dap 4 -f>(2)-Nai s JLHRH; 

I(2)-N-Me-(3)-N-Et-Dap 4 -D-Trp s -Pro 9 NHEt]LHRH; 

[(2)-N-Me-<3)-N-Et-Dap*-0-Arg s -Pro 3 NHEt]LHRH; 

[(2)-N-Me-(3)-N-Et-Dap i -D-Leu s -Pro 9 NHEt]LHRH: 

[(2)-N-Me-(3)-N-Et-Dap*-D-0-t-butyl-Ser 5 -Pro 9 NHEt]LHRH; 

£(2)-N-Me-(3)-N-Et-Dap*-D-Trp 6 -N-Me-L8U 7 -Pro 3 NHEt]LHRH; 

[(2)-N-(Ethyiaminocarbonyi)-(5)-N-Ethyiamido^Iu-N-Me-Ser*-0-2-Nal]LHRH; 

[N-Me-Ser^2-(S-3-amino-2-oxo-pyrrolidin-1^ 

IN-Ac-Sar 1 -N-Me-Ser*-{2KS-3-amino-2-oxo-pyrrolidin-1-yO-S-isopropyImethylacety 

[Phe 2 -N-Me-SerM2-(S-3-amino-2-oxo-pyrroiid^ 

[N-Ac-D-4-CI-Phe 1 -0-4-CI-Phe 2 -D-Trp 3 - 6 -N-Me-Ser 4 -0-AI a 10 JLHRH; 

IN-Ac-Pro 1 -D-Cl-Phe 2 -D-Trp 3 -N-M8-Ser*-D-Arg 5 -O-A]a l0 ]LHRH; 

[N-Me-Phe 2 -D-Trp 5 -Pro 3 NHEt]LHRH; 

N-Me-Tyr 5 -D-Trp 6 -Pro 3 NHEt]LHRH; 

[N-Me-Trp 3 -D-Trp e -Pro 9 NHEt]LHRH; 

[N-Me-1-Nal 3 -D-Tyr 6 -Pro 9 NHEtJLHRH; 

[N-Me-D-Leu 5 -Pro 9 NHEtJLHRH; 

[D-Trp s -N-Me-Arg 8 -Pro 9 NHEtJLHRH 

[D-Trp 5 -Sar 1 0 ]LHRH; 

[N-Ac-S^-dehydro-Pro^^CI-D-Phe^O-Trp^-N-Me-Tyr^D-Ala^lLHRH; 
[N-Me-Phtf-N-Me-TyrS -D-Trp s -Pro 3 NHEtJLHRH; 
[N-Ac-S.^dehydro-Pro'-^l-D-Phe 2 -^^^ 
[N-Ac-f>2-NaI-4-C!-D-Phe-f>3-Pal-N-M^ 
(N-epsiIon-isopropyi)-D-Ala ,0 JLHRH; 

[N-Ac-D-2-Nal-4-CI-D-Phe 2 -D-3-Pal-N-Me-Tyr s -0-Lys 6 -(N^psiion-nicontinoyihL^ 
Ala*°]LHRH; 

[N-Ac-r>2-Nal^CI-D-Phe 2 -D-3-PahN-Me-Sef i -Lys s -(N-epsilon-nicotinoyl)-r>Lys 6 -(N^ 

Lys 3 -<N-epsilon-isopropyl)-0-Ala 10 ]LHRH; 

[N-Me-TyrS-D-SerfO-t-butylVP^NHEtlLHRH; 

[N-Me-Tyr s -D-Leu 6 -Pro 9 NHEtJLHRH; 

[N-Me-Tyr s -D-2-Nai s ]LHRH; 

[N-Me-D-Trp s -Pro 9 NHEtJLHRH; 

{N-Me-D-2-Nal 6 JLHRH; 

IN-Me-D-SerS^-t-butylJ-Pro 9 NHEtJLHRH; 

[N-Me-Phe 2 -D-2-Nal 6 JLHRH; 

{N-Me-Phe 2 -D-Leu 6 -Pro 9 NHEtJLHRH; 

IN-Me-Phe 2 -F>Ser s (O-t-buty I)- Pro 9 NHEtJLHRH; and 

[N-Me-Tyr s -D-His 6 (N-im-Bzl)-Pro 9 NHEtJLHRH. 



Effect and Utilities of LHRH Agonists and Antagonists 

The LHRH agonist and antagonist compounds of the invention are useful for treatment of precocious 
puberty, prostate cancer, prostatic hypertrophy, endometriosis, uterine fibroids, breast cancer, acne, 
premenstrual syndrome, polycystic ovary syndrome and diseases which result from excessive gonadal 
hormone production in either sex. LHRH agonists and antagonists are also useful for controlling reproduc- 
tion in both females and males. LHRH agonists, when administered in pulses, are useful as fertility 
promoters. The LHRH agonist compounds of the invention may also be useful for growth promotion in 
female animals and for spawning promotion in fish. 

In the practice of the method of this invention an effective amount of a compound if the invention or a 
pharmaceutical composition containing the same is administered to the subject in need if, or desiring, such 
treatment These compounds or compositions may be administered by any of a variety of routes depending 
upon the specific end use, including orally, parenteraily (including subcutaneous, intramuscular and 
intraveneous administration), vaginally {particularly for contraception), rectally, buccaily (including sublin- 
guaily), transdermal^ or intranasally. The most suitable route in any given case will depend upon the use, 
particular active ingredient, the subject involved, and the judgment of the medical practitioner. The 



8 



™»S PAGE BLANK 



EP 0 328 090 A2 



compound or composition may also be administered by means of slow-release, depot or implant formula- 
tions as described more fully herein below. 

In general, to modulate levels of sex hormones in male or female mammals for the uses herein above 
described, it is expedient to administer the active ingredient in amounts between about 0.01 and 10 mg/kg 

s body weight per day, preferably between about 0.1 and 5.0 mg/kg body weight per day. This administration 
may be accomplished by a single daily administration, by distribution over several applications or by slow 
release in order to achieve the most effective results. 

The exact dose and regimen for administration of these compounds and compositions will necessarily 
be dependent upon the needs of the individual subject being treated, the type of treatment, the degree of 

io affliction or need and, of course, the judgment of the medical practitioner. In general, parenteral ad- 
ministration requires lower dosage than other methods of administration which are more dependent upon 
absorption. 

A further aspect of the present invention relates to pharmaceutical compositions containing as active 
ingredient a compound of the present invention which compositions comprise such compound in admixture 

75 with a pharmaceutical^ acceptable, non-toxic carrier. As mentioned above, such compositions may be 
prepared for use for parenteral (subcutaneous, intramuscular or intraveneous) administration, particularly in 
the form of liquid solutions or suspensions; for use in vaginal or rectal administration, particularly in 
semisolid forms such as creams and suppositories; for oral or buccal administration, particularly in the form 
of tablets or capsules, or intranasaliy, particularly in the form of powders, nasal drops or aerosols. 

20 The compositions may conveniently be administered in unit dosage form and may be prepared by any 
of the methods well-known in the pharmaceutical art, for example as described in Remington's Pharmaceu- 
ticai Sciences, Mack Publishing Company, Easton, PA., 1970. Formulations for parenteral administration 
may contain as common excipients sterile water or saline, poiyalkylene glycols such as polyethylene glycol, 
oils of vegetable origin, hydrogenated naphthaiens and the like. Formulations for inhalation administratiom 

25 may be solid and contain as excipients. for example, lactose, or may be aqueous or oily solutions for 
administration in the form of nasal drops. For buccal administration typical excipients include sugars, 
calcium stearate, magnesium stearate, pregelatinated starch, and the like. 

It is particularly desirable to deliver the compounds of the present invention to the subject over 
prolonged periods of time, for example for periods of one week to one year from a single administration. 

30 Various slow release, depot or implant dosage forms may be utilized. For example, a dosage form* may 
contain a pharmaceutical^ acceptable non-toxic salt of a compound of the invention which has a low 
degree of solubility in body fluids, for example, (a) an acid addition salt with a polybasic acid such as 
phosphoric acid, sulfuric acid, citric acid, tartaric acid, tannic acid, pamoic acid, alginic acid, polygiutamic 
acid, naphthalene mono- or di-sulfonic acids, polygalacturonic acid, and the like; (b) a salt with a polyvalent 

35 metai cation such as zinc, calcium, bismuth, barium, magnesium, aluminum, copper, cobait nickel, 
cadmium and the like, or with an organic cation formed from e.g., N.N'-dibenzylethylenediamine or 
ethyienediamine; or (c) combinations of (a) and (b) e.g. a zinc tannate salt. Additionally, the compounds of 
the present invention or, preferably, a relatively insoluble salt such as those just described, may be 
formulated in a gel, for example, an aluminum monostearate gel with, e.g. sesame oil, suitable for injection. 

40 Particularly preferred salts are zinc salts, zinc tannate salts, pamoate salts, and the like. Another type of 
slow release depot formulation for injection would contain the compound or salt dispersed or encapsulated 
in a slow degrading, non-toxic, non-antigenic polymer such as a polylactic acid/polyglycolic acid polymer 
for example as described in U.S. Patent No. 3,773.919. The compounds of the invention or. preferably, 
relatively insoluble salts such as those described above may also be formulated in cholesterol matrix 

as pellets, particularly for use in animals. Additional slow release, depot or implant formulations, e.g. 
liposomes, are well known in the literature. See, for example, Sustained and Controlled Release Drug 
Delivery Systems, J.R. Robinson ed., Marcel Dekker, inc., New York, 1978. Particular reference with respect 
to LHRH type compounds may be found, for example, in U.S. Patent No. 4,010,125. 

50 

Synthesis of the Peptides 

The polypeptides of the present invention may be synthesized by any techniques that are known to 
those skilled in the art. For solid phase peptide synthesis, a summary of the many techniques may be 
55 found in J.M. Stewart and J.D. Young, Solid Phase Peptide Synthesis . W.H. Freeman Co., San Francisco, 
1963 and J Meienhofer, Hormonal Proteins and Peptides . Vol. 2., p.46, Academic Press (New York), 1973. 
For classical solution synthesis see G. Schroder and K. Lupke, The Peptides , vol. 1. Academic Pres (New 
York). 1965. 
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o, M e group. Such pro-seW groups ^ d J^j£ out doctor of ft. growing rjpWa *» 

SbTd by P Vaille, et al. Helv. *Z±Jgfc ^J™ L reaction of the alpha-N-protectec .ammo 
3S Xtyrene-Lnylbenzene type of resin .s made b ^ n ^ amethylamm0 niurn. ^thy«an^n,urn J ,5- 
acid especially the Boc-am.no ^ " ^^^Sang reaction is accomplished in a sclent such « 

Mature, for exampH* between about 40 and I 60 ^torfro^ cesjum salt wilh * e resin >n 

<o S ^tion conditions invoke the <^^^S£Sk> acid is attached to the 

DMF at about 50* C for about 24 hours. The alpha n bo N '. di ; SO propylcarbodiimide (DIC) with or 

Sfn by mis of N.N<iicyclohexy.^ 

The coupling of successive protected ammo ac '« aioha-N-protecting groups may be performea n 

0 4M concentration and approx.mately 3.5 molar excess ^ methylene cWon de at about 

« dichloromethane/DMF m ^ 9 ?\^ Q ™*lcc In dichloromethane but may be N.N -di- 

55 ^bTenTTemperature. The coupUng agent « non^ly J*C ^ ^ Qf HQBT , H^^> 
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nitrophenyl. pentafluorophenyl and the like) or symmetrical anhydrides may be used. 

At the end of the solid phase synthesis the fuily protected polypeptide is removed from the resin. When 
the linkage to the resin support is of the benzyl ester type, cleavage is by means of aminolysis with an 
aikyiamine or fluoroalkylamine for peptides with a proline C-terminus, or by aminolysis with, for example, 

s ammonia/methanol or ammonia/ethanol for peptides with a glycine C-terminus at a temperature between 
about 10* and 50 * C, preferably about 25" C. for between about 12 and 48 hours preferably about 18 
hours. Alternatively, the peptide may be removed from the resin by transesterification. e.g., with methanol, 
followed by aminolysis or by direct transamidation. The protected peptide may be purified at this point by 
silica ge! chromatography or taken to the next step directly. The removal of the side chain protecting 

70 groups from the polypeptide is performed by treating the aminoiysis product with, for example, anhydrous 
liquid hydrogen fluoride in the presence of anisole and dimethyl phosphite or other carbonium scavenger, 
treatment with hydrogen fluoride/pyridine complex, treatment with tris(trifiuoroacetyl)boron and trifluoroacetic 
acid, by reduction with hydrogen and palladium on carbon on polyvinylpyrrolidone, or by reduction with 
sodium in liquid ammonia. Side chain protecting groups are preferrably removed with liquid hydrogen 

75 fluoride in the presence of anisole and dimethyiphosphite at a temperature between about -10 and + 10* C. 
preferably about 0* C, for between about 15 minutes and 1 hour. The fully deprotected polypeptide is then 
purified by a sequence of chromatographic steps employing any or all of the following types: ion exchange 
on a weakly basic resin in the acetate form; hydrophobic adsorption chromatography on underivatized 
polystyrene-divinylbenzene (for example Amberlite XAD); silica gel adsorption chromatography; ion ex- 

20 change chromatography on carboxymethylcellulose; partition chromatography, e.g.. on Sephadex G-25. LH- 
20, or countercurrent distribution; high performance liquid chromatography (HPLC), especially reverse 
phase HPLC on octyl- or octadecylsiiyi-silica bonded phase column packing. 

If a racemic amino acid is used in the 6 position, the diastereomeric nonapeptide or decapeptide final 
products are separated, and the desired peptide containing a D-amino acid in the appropriate position is 

25 isolated and purified, preferably during the above-described chromatographic process. 

The preparation of peptides having C-terminal azaglycine amides is preferably done using classical 
peptide solution synthesis using known peptide intermediates. This is described in more detail in Example 
9. 

The details for the preparation of peptides using classical peptide solution synthesis are described in 
30 Example 2. 

The following examples will serve to further illustrate the preparation of the novel compounds of the 
invention. 

35 Preparation A 



N-(t-Butoxycarbonyi)-N-Methyl-Q-Benzyl-L-Serine 

40 



Cyclohexylamine Salt 

45 

Methyl iodide (227.2 g) was "added to a solution of N-Boc-O-benzyl-L-serine (23.68 g) in dry and freshly 
distilled dimethoxyethane (DME) (370 ml) stirred under nitrogen and cooled to 0*C. Subsequently, sodium 
hydride (50% oil dispersion) (6.4 g) was added in portions over 15 minutes. The reaction mixture was 
further stirred at 0-5 *C for 22 hours and then decomposed by water, and the organic layer was 

so concentrated. The residue was taken up in water (500 ml) and washed with ether (3x100 ml). The aqueous 
layer was acidified with cokj 1N HCI to pH 3.0, and the oil that separated was extracted into ether (3 X 300 
ml). The ethereal layer was washed with cold 1N sodium thiosulfate solution (2 x 150 ml) and sodium 
chloride solution (2 x 150 ml), dried (Na 2 SOO and concentrated. The crude product was dissolved in ether 
(300 ml), and cyclohexylamine (8.3 g) was added. The salt that separated was filtered and dried to give N- 

55 (t-butoxycarbonyl)-N-methyl-O-benzyl-L-serine cyclohexylamine salt (CHA), m.p. 134-136* C. 

[alphajg 4 -8.6(C LEtOH); Anal, for C 22 H 3 *N 2 Os, Calcd : C, 65.00; H, 8.43; N, 6.89; Found : C. 65.05; H t 8.88; 
N, 6.91. 
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Preparation B 



NUAcetvl-Sarcosine 

/9fi 7 a) and triethylamine (50 

. /-» ar n> was added to a solution of $*[ co *™^ 22 £ ml) in di0 xane (20 mi) 
4.Dimethylaminopyrid,ne (3^6 g^a ^ ^ ^ ^ ch^^^ for 

m n in (1:1) dioxane-water i«u m.; -~ reaction s0lution was tnen^,. 

was extracted 

^as added dropwise over a , penod 30 m, ^ ^ ^ 5Q% aqueous HO Qver Na2 sO. 

i h0 ur and subsequently was ^edj P^ ^ a l^^^arfn.. m . p . 13 5- 

tnree times with ethyl aceta^ J»^£«tf*d {rorn ethyl acetate to gje N ace* ^ c 
and concentrated. The res du e > * ^ for c^NO*. Calcd. C. 45.79, H. 

137" C Fab Mass spec, m/e 13«d ^ 
45.78: H, 7.03; N, 10.64. 

Preparation C 



25 



^.ates were prepared according to the literature: 
The following intermediates were p p 



Compou nd 

L-3-<1 -Naphthy l)-alanine 
D-3-(2-Naphthyl)-alanine 

D-3-(3-Pyridy*)' atan ' n9 _ 



Reference 



30 



Example 1 



35 



45 



50 



Pro-O-Resin (Merrifield res.n). Ammo ^ ^ 

synthetic cycle: up {rom the alpha-aminc ^<; ct ^ 0 P h0 W sphit e, and 50.5% 

methylene chloride. The resin * . n for 2 0 minutes. d t uSing a solution 

3 . ooujja l""^, a 3.5-.OW molar «»» » the «ee aipha am.™. 



55 
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4. Wash, each reaction step is followed by three washes of one minute each: one of methylene 
chloride, one of (1:1) methylene-chloride-DMF, and one of CMF. 



Protocol: 

The amino acids are coupled to the resin in the following order using the conditions indicated: 



Amino Acid 


Wash 


Coupling 


Deprotection 


Boc-Arg(Tos) 


basewash 


two-1 hr 


deblock 


Boc-Leu 


basewash 


two-1 hr 


deblock 


Boc-D-Leu 


basewash 


two-1 hr 


deblock 


Boc-Tyr-(o-Br-Cbz) 


basewash 


two-1 hr 


deblock 


Boc-N-Me"-Ser(OBzl) 


basewash 


two-1 hr 


deblock 


Boc-N-Formyl-Trp containing 0.1% OMAP 


basewash 


four-1 hr 


deblock 


Boc-N-im-CBZ-His 


basewash 


four-1 hr 


deblock 


Cbz-p-Glu 


basewash 


four-1 hr 


none 



Upon the completion of the synthesis the resin is removed from the reaction vessel and dried in vacuo 
to give the protected polypeptide resin. The protected peptide is removed from the resin upon treatment at 
room temperature with anhydrous ethylamine with or without 10% DMF or methanol for 48 hours. The resin 
beads are filtered and washed with methanol. The filtrate is concentrated in vacuo and the residue is 
triturated with water to give, after filtration and drying, ^the protected peptide as a white powder. The 
protecting groups are finally removed upon treatment at 0* C for 1 hour with 5 to 10 ml anhydrous liquid HF 
in the presence if 1 ml of anisole and 0.5 ml of dimethyl phosphite. The HF is evaporated and the residue is 
dissolved in methanol and concentrated in vacuo . The residue is washed twice with ether and then 
dissolved in a solution of (1:1:0.1) watenacetonitriler.acetic acid, filtered, and lyophilized to give 0.7 g if the 
crude product The crude peptide is purified by high performance liquid chromatography on a 25 cm x 2.5 
cm Oynamax C-18 column (25-40 micron) using solvent mixtures in a gradient ranging from 89% H 2 0/11% 
CH 3 CN/0.1% TFA to 49% H 2 0/51% CH 3 CN/0.1% TFA over a period of 50 min. and afterwards changing to 
100% CH3CN/0.I % TFA over a period of 10 min. The flow rate is 15 ml/min and UV detection is at 260 nM. 
The product is eiuted at 33.7 min as a single peak, collected and lyophilized to give pure (pyro)Glu-His-Trp- 
N-Me-Ser-Tyr-D-Leu-Leu-Arg-Pro-NHEt as the trifluoroacetate salt. Fab (fast atom bombardment) Mass 
spec, m/e 1296 (M + H)\ Amino Acid Anal.: 0.8 Pro; 0.8 Arg; 1.0 Leu: 1.0 Tyr; 1.6 Trp; 1.0 His; 1.0 Glu. 

Example 2 



(pyro)GIu-His-Trp-N-Me-Ser-Tyr-D-Leu-Leu-Arg-Pro-NHEt 

(pyro)GIu-His-Trp-N-Me-Ser-Tyr-O-Leu-Leu-Arg-Pro-NHEt was prepared using solution synthesis ac- 
cording to the following scheme: 
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KOC-L-Ser ( O-Bz 1 ) 



i 



•MOC-N-Me-L-Ser (0-321 ) 
(a) 



Ty r -D-Leu-OEt 

I 



FMOC-N-Ke-Ser ( O-Bzl ) -Tyr -D-Leu-OEt 
(b) 

N -Me-Ser(0-Bzl)-Tyr-D-Leu-OEt 



FMOC-Trp 



(c) 



FKOC-Trp-N-Ke-Ser(0-Bzl)-Tyr-D-Leu-OEt 
(d) 



Tr-D-N-Ke-Ser 



(0-B 2 l)-Tyr-D-Leu-0Et Cbz-<pyro)Glu-His 
(e) 



Cbz- ( pyr o ) Glu-Hi s-Trp-S-Ke-Ser ( O-Bz 1 ) -Tyr -D-Leu-OEt 

(f) 

(pyro)Glu-His-Trp-N-Me-Ser-Tyr-D-Leu-OEt 

(g) 
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(pyro)Glu-His-Trp-tf-Me-Ser-Tyr-D-Leu-CH 
Leu-Ara-?ro-NHEt 




(pyro)Glu-His-Trp-N-Me-Ser-Tyr-D-Leu-Leu-Arg-Pro-MHEt 



70 



(i) 



Details of the synthesis are as follows: 

75 

(a) FMOC-N-Me-Ser(O-Bzt) 

A suspension of FMOC-Ser(O-BzI) (4.16 g), paraformaidahyde (2.0 g), and p-toluenesulfonic acid (0.2 g) 
in toiuene (400 ml) was heated under reflux with azeotropic water removal for 45 min. The solution was 
20 cooled, diluted with ethyl acetate (250 ml) and washed three times with 5% aqueous NaHC0 3 , dried 
(Na2SO*) f and concentrated in vacuo. The residue was purified by silica gel column chromatography eluting 
with (8:2) hexaneiethyi acetate to give FMOC-Ser(0-Bzi)-oxazolidin-4-one as a crystalline product m.p. 108- 
109* C. Fab Mass spec, m/e 430(M + H)*. 

FMOC-Ser-(OBzl)-oxa20lidin-4-one (3.14 g) was dissolved in chloroform (40 mi) and trifluoroacetic acid (40 
25 ml) and triethylsilane (2.55 g) was added. The solution was stirred at room temperature for 22 hours, then 
concentrated in vacuo . The residue was purified by silica gel column chromatography eluting with (95:5) 
methylene chioride:methanol to give FMOC-N-Me-Ser(0-8zi)-OH as a colorless oil. Fab Mass spec, m/e 
432 (M + H)\ 

30 

(b) FMOC-N-Me-Ser(Q-Bzl)-Tyr-D-Leu-QEt 

To a stirred solution of Tyr-D-Leu-OEt hydrochioride (1.649 g) in DMF (10 ml) cooled to 0*C was 
added N-ethylmorphoiine (0.59 ml) in DMF (1 ml), followed by a solution of FMOC-N-Me-Ser(0-Bzi)-OH 
35 (2.18 g) in DMF (5 mi), followed by a solution of HOBt (0.9315 g) in DMF (5 ml), and followed by a solution 
of DCC (0.947 g) in DMF (2 ml). The reaction solution was stirred at 0*C for 1 hour and then at room 
temperature for 4 hours. The solvent was removed in vacuo and the residue was purified by silica gel 
column chromatography eluting with (95:5) methylene chloride:methanol. The product was obtained as a 
semisolid. Rf 0.35. Fab Mass spec, m/e 736 (M* +H). 



(c) N-Me-Ser(0-Bzi)-Tyr-D-Leu-OEt 

A solution of FMOC-N-Me-Ser(OBzl)-Tyr-D-Leu-OEt (1.95 g) and N.N-diisopropylamine (10 ml) in dry 
and degassed DMF (10 ml) was stirred at room temperature for 2 hours. The solvent and excess reagents 
were removed in vacuo and the residue was purified by silica gel column chromatography eluting with 
(95:5) methylene" chioride:methanol. The product was obtained as a low melting solid. Rf 0.24. Fab Mass 
spec, m/e 514 (M + H)\ Anal for C2SH39N3OG, Calcd : C. 65.47; H. 7.65; N. 8.18; Found : C. 65.10; H ( 7.77; 
N, 7.98. 



(d) FMOC-Trp-NhMe-Ser(Q-Bzl)-Tyr-D-Leu-OEt 

To a stirred solution of N-Me-Ser(f>Bzl)-Tyr-D-Leu-OEt (1.316 g), FMOC-L-Trp (1.09 g) and 
benzotriazoM-yloxytris-(dimethylamino) phosphonium hexafluorophosphate (BOP) (1.13 g) in acetonitrile (50 
ml) was added triethyiamine (0.347 ml). The solution was stirred at room temperature for 5 hours. The 
solvent was removed in vacuo . The residue was dissolved in ethyl acetate, washed with 5% aqueous 
NaHC0 3 then with 1rT HCI. and finally with saturated aqueous NaCI solution, dried (Na 2 SO*) and 
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hv silica del column chromatography eluting with (95:5) 
concentrated in vacuo. The residue - s P^f 0 ^ ^as'a S emiso.id residue. Rf 0.25. Fab Mass spec., 
methylene chloridi^ithanol. The product was obtained 
m/e 922 (M*+H). 

^,T T .M.M^SArfQ.BzlVTYr-D-Uu-OEt 

A solution of , acetonitrile (5 ml) and diethylamine (5 ml) was . stirr ^ 

FMOC-Trp-N-Me-Ser(0-Bz»)-Tyr-D-Leu-Et 0.280 <»' n ^ n " \, tt we re removed in vacuo to g.ve the 
at room temperature for 1 hour The so vent and The product was u Fed in the next step 

product as a foamy residue. Fab Mass spec, m/e 700 (M 
without further purification. 

7S m r.h 7 . < nvro)G.u-His-T T-— •^^- Bzl ^ r - D - LeU - QEt 

To a so , ti on of ^^^^^^^^ 5 ^2 X«* S 
added sequentially Cbz-(pyro)Glu-His (0.167 g) n DMF (10 m^. K ^ ^ temperature 

'o.078 g) in DMF (2 ml). The so.ution purified on a silica gel column elutrng 

Irnighl The solvent was removed f "E^^X^, as'a soHd. Rf 0.317. Fab Mass spec, m/e 
with (9:1) methylene chloride:methanol. The product 
1082 (M + H)\ 



10 



20 



25 



30 



35 



inx /nvrolGlu-His-Trp-N-Me Ser-Tyr-D-Leu-OEt 

A solution of _ — ■ M oa , 0 787 Q) in (9:1) DMF-water (15 ml) was hydroge- 

Cbz-<pyro)G.u-His-Tr P -N-Me^^^ > /C g) . ^ catalyst was . 

nated overnight under 4 atm. pressure and m >*m ^f ^ ^ ^ gjve ^ desired 

m W P yro)GIU-His-T ^-N-M*-Ser-Tvr-D-Leu-OH 

cooled ,0 r/C *as added 2N "M^ ^ ^ ^J^,,, Fab Mass spec, of the rn.de product 

0 

fl) Mvrn^u-His-Trp-N-M - «~T^n.. .,-Leu-Arq-Pro-NHEt 

i5 N-ethy.morpho.ine (0.042 ml) m DMF (0.2 mO o..owe .by sequ ^ ^ ^ g) jn , 

Ser-Tyr-D-Leu-OH (0.3 g) in DMF (5 m.) HO* (O066 g) « I ternp erature overnight. The so vent 
The resu.ting so.ution was stirred at 0 C to2W «J th ^ ^ ^ insol ble na**r,aTwas 

was removed in vacuo. The residue ^ ned was purified by high performance hqpd 

tittered. The fiitr— was lyoph.hzed. The Pw£jJ£ {25 . 4 0 micron) and solvent mixture 

so chromatography (HPLC) using a 25 an x = « « 1 0 ^^ C 49% Ha O/51 % CH 3 CN/0.1% TFA over a , »nod 
gradients ranging from 90% H 2 0/11% CH3CNJM A T nM ^ product was elu ted at 30.4 

of 50 mins. The flow rate was 1 38 
mbi. was coliected and .yophi.ized to give P£fr£*? ^Acid Ana.. : 0-8 Pro-. 0.8 Arg; 1.8 Leu; 1.0 
trifluoroacetate salt Fab Mass spec, m/e 1223 (M + H) • 
ss Tyr; 1.0 His; 1.0 Glu. 



Example 3 
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(pyro)Glu-His-Trp-N-M9-Ser-Tyr-0-(2)-Nal-Leu-Ar9-Pro-Gly*NH 2 

Using the same instrument and a program similar to that described in Example 1, (pyro)Gtu-His-Trp-N- 
Me-Ser- Tyr-D-<2)-Na!-Leu-Arg-Pro-Gly-NH2 was prepared starting with 1.5 g (1.12 mmo!) of Boc-Gly-O- 
Resin and coupling the amino acids in the order described in the following protocol: 



Amino Acid 


Wash 


CoudI 


ina 


Deurorect ion 


Boc-?ro 


basewash 


two-l 


hr 


deblock 


Boc-Arg(Tos) 


basewash 


two-l 


hr 


deblock 


Boc-Leu 


basewash 


two-l 


hr 


deblock 


Boc-D-(2)Nal 


basewash 


two-1 


hr 


deblock 


Boc-Tyr-( 2-Br-Cbz ) 


basewash 


two-l 


hr 


deblock 


Boc-N-Me-Ser ( OB z 1 ) 


basewash 


two-l 


hr 


deblock 


Boc-N-f ormyl-Trp 


basewash 


f our- 


l hr 


deblock 


containing 0.1%~DMAP 










Boc-N-im-Cbz-His 


basewash 


f our- 


1 hr 


deblock 


Cbz-(pyro)Glu 


basewash 


f our- 


1 hr 


none. 



The peptide was cleaved from the resin upon treatment with anhydrous liquid ammonia (30 ml) and 
methanol (5 ml) containing 10% of N.N-dimethylethanolamine at room temperature for 48 hrs. The reaction 
was worked up as described in Example 1. The protecting groups were removed from the peptide with 
HF/anisole/dimethylphosphite at 0*C for 1 hour. The obtained crude peptide was purified by high 
performance liquid chromatography using the same column and solvent gradient described in Example 1. 
The product was eluted at 34.9 minutes as a single peak, was collected and lyophilized to give pure (pyro)- 
Glu-His-Trp-N-Me-Ser-Tyr-D-(2)NaI-Leu-Arg-Pro-Gly-NH 2 as the trifluoroacetate salt. Fab Mass spec, m/e 
1336 (M + H)*. Amino Acid Anal.: 1.0 Gly; 0.8 Pro; 0.9 Arg; 1.0 Leu; 1.0 Tyr; 0.9 Trp; 1.0 His; 1.0 Glu. 



Example 4 



Using the method described in Example 1 and substituting the appropriate amino acids, the following 
compounds with a C-terminal Pro-NHCH 2 CH 3 can be synthesized: 
(pyro)glutamyl^henylalanyl-tryptyl-N-m 
(pyro)glutamyl4iistidyl-3-(1-naphthyl)alanyl-N-m^ 

(pyro)glutamyWiistidyl-tryptyl-N-methylserylarginyl-D-tryptyl-leucyl-arginyl-prolylethy 

N-acetylphenylalanyI-D-3-4-chlorophenylala^ 

arginylprolylethylamide; 

N-acetyi-3-<2^aphthyl)alanyl-D-3^fl 

prolylethylamide; 

(pyro)glutamyl^istidyl-tryptyl-N-m^ 

arginylprolylethylamide; 

(pyro)glutamyWiistidyl-tryptyl-N^e^ 

(pyro)glutamyWiistidyl-tryptyl-N^ethylser^ 

arginylprolylethylamide; 

(pyro)glutamyhalpha-methyl-phenylaian^ 

prolylethylamide; 

(pyro)glutamyl^istidyl-tryptyl-N-methyiseryityrosyl-D-lysyl(N-epsilon-pyrazin 
prolylethylamide; 

N-acetyl-sarcosyl-D-3^-fluoropr^ylalanyltr^^ 

isopropyl)-prolyl.ethyIamide; 

N-acetyl-phenylalanyl-D-3-4^hloroph 
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epsiion-isopropyO-proiyiethylamide. 



Example 5 



Using the method described in Example 2 and substituting the appropriate amino acids, the following 
compounds can be prepared: K,m=vi-D.servirO-t-butyl)-leucyl-arginyl-prolylethylamide; 



35 

Example 6 



d ° (pvro ) G iu-His-^^ 

_ ^ . - ^ , a 1 hlf+ ouhstitutinci Boc-Leu with Boc-N-methyHeucine and 

Me-Leu-Arg-Pro-NHEt can be prepared. 



ss 



Example 7 



N.Ac-Sar-His-Trp.(3)-N.Et-(2)-N-Me-Da n.T v r.D.Tro-Leu-Arg.Pro-NHEt 

Using the method described in Exampie ,, but 
Boc-N-Me-Ser(08 Z i) with Boc-N-Me-DeAla. the protected S Example 1. the crude product 

treatment of this resin first with ethylam.ne and then w,th HF. as descnoeo in cxa p 
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was obtained. This peptide was purified by high performance liquid chromatography using the same 
conditicns described in Example 1. N-Ac-Sar-His-Trp-(3)-N-Et-(2)-N-Me-Oap-Tyr-0-Trp-Leu-Arg-Pro-NHEt 
as the trifluoroacetate salt eluted at 31.05 minutes as a single peak, was collected and tyophilized. Fab 
Mass spec, m/e 1325 (M* + H). Amino Acid Anal.: 1.0 Pro; 1.0 Arg; 1.0 Leu; 1.7 Trp; 1.0 Tyr; 0.9 His; 1.0 
Glu. 



Example 8 



Using the method described in Example 7 and substituting the appropriate amino acids, the following 

peptides can be prepared: 
(pyro)glutamyi-histidy!-tryptyi-3^ 

prolylethylamide; 

N-acetylsarcosy!-D-phenylalany^D-trypty^ 
leucyl-arginyl-prolylethylamide; 

N-acetyi-3 4-chlorophenylalanyl-D-phenyla!anyl-3-(1-naphthyl)alanyl-3-N-ethyl-2-N-methyl-2.3- 

diaminopropionyl-tyrosyl-D-lysyl(N-epsilon-nicontinoyl)-leucyl-arginyJ-prolylethylamide. 

N-acetyl-3,4<iehydro-prolyl-r>3-4<;h(oroph 

tyrosyl-D-lysyl(N-epsilon-picoioyl)-valyl-lysyl(N-epsilonpropyl)-prolylethylamide. 



Example 9 



(pyro)Glu-HiS'Trp'N-Me-Ser-Tyr-D"Leu-Leu-Arg-Pro-AzaGly-NH 2 



This peptide is prepared by classical solution synthesis according to the following scheme: 

Cb z -Leu- Ar g ( N0 2 ) -P r o - Az aG 1 y-NH^ 
(2) 

(pyro)Glu-His-Trp-N-Me-Ser-Tyr-D-Leu-OH 

(1) | Leu-Arg-Pro-AzaGly-NH 2 



J 



(3) 



(pyro)Glu-His-Trp-N-Me-Ser-Tyr-D-Leu-Leu-Arg-Pro-AzaGly-HN 2 



The synthesis of fragment (1 ) is described in Example 2 and the synthesis of fragment (2) is described 
in AS. Dutta, J. Med. Chem. 21^, 1018 (1978). Fragment (2) is converted into (3) by hydrogenolysis and (3) 
is coupled witF (T)~using DCC/HOBt. The product is purified by high performance chromatography using 
conditions similar to those described in Example 1 . 



Example 10 



Using the method of Example 3, but substituting Boc-D-(2)Nal with 
Boc-D-3-(2-benzimidazolyl)-alanate or with 
Boc-D-3-(2-benzoxazolyl)-alanate, can provide 
N-acetyisarcosyl-phenylalanyl-tiYptyl-N^^ 
prolylethylamide and 

N-acetyl^henylalanyl-D-3-4^lorophenyld 
cyclohexylaianyl-arginyl-prolylethylamide, respectively. 
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Example 1 1 



N-Ac-Sar-D-Phe -Q-Tro-N-Me-Ser-Tyr u w . : 

•th Ror-3-(3-oyridyl)-0-A!a and running the 

Example 12 



75 



20 



25 



30 



fPVN.(Ethvlamin ncarbonyl)-(5)-N-etnyiami _ _ 

c mnie 1 Cbz-(pyro)Glu-His(Cbz)-Trp-(N- 

Using the same - - sarne ^^^^0^^^ ™~ 

fcrmylhN^^^T^^^^^cS^ l° % d ' ,methy,e * an0, Tfme?edtnd the filtrate was 
tidoresin was treated w, h ^mperature for 3 days. The res.n was jritered and t tQ 
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Example 1_3 



^, r ,^^.„.H iS .Tr P -N-Me-Ser-Tyr-6^2(S3jm ____ 



, m ri„ His-TrD-N-Me-Ser-Tyr-6,7-[2-(S-3-amino-2-oxo 

<. pJSSfS^-^ « * e < 0,lowin9 steps: 



.pyrroUdin-l-yD-S-a-tsopropylmethylacetyllArg- 



50 



^.H-AmfTosVPtD-NHB ^ Boc . Pro . 0 -Resin 

55 (Tcs)-Pro-NHEt. 
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Boc-t2-(S-3-amino-2-oxo-pyrrolidin-l-yl)-S-2-isopropylmethylac8tic acid can be synthesized using -he 
procedure described by D.F. Veber and R.M. Freidinger in U.S. Patent No. 4,493,934. 

( C) Boc»[2-(S-3-Amino-2-Oxo-Pyrrolidin^ 

10 mmol of Boc-[2 (S 3 amino-2-oxo-pyrrolidin-1 yl)-S-2-isopropylmethylacetic] acid is dissolved in 70 ml of 
degassed DMF and cooled to O'C under nitrogen. 19 mmol of H-Arg(Tos)-Pro-NHEt, which was previously 
described, is dissolved in 3 ml of degassed DMF, and cooled. To the acid solution 11 mmol of 
diphenylphosphorylazide and 11 mmol of triethylamine are added, followed by the pre-cooled peptide 
solution. The reaction mixture is stirred at 0*C for 3 hours, then at room temperature overnight The 
product is worked-up and purified using silica gel column chromatography and eluted with 70:30:3 
chloroform/methanol/aqueous ammonia. 

(d) [2-(S-3-Amino-2-Oxo-Pyrrolidin-1-yl)-S'2-lsopropylmethylacetyll-Arginyl(Tos)-Proiylethylamide 
Boc-{2-(S-3-amino-2-oxo-pyn-olidin-1-yO^^ 

from the previous reaction, is dissolved at O'C in trifluoroacetic acid (60 ml) containing 1.5% anisoie and 
1% dimethylphosphite. The solution is then stirred at room temperature for 30 minutes, and then 
concentrated in vacuo. The residue is washed twice with ether and dried over P 2 Os to give [2-{S-3-amino-2- 
oxo-pyrrolidin-l'-yl)-S-2-isopropylmethylacetyl]-arginyl-(Tos)-proiylethyIamide. 

(e) Cbz-(pyro)6lu-His(Cbz)Trp-N-Me-Ser(OBzlhTyr*<0-2-Br"Cbz)-NHNH 2 

Cbz-(pyro)GIu-His(Cbz)-Trp-N-Me-Ser(OBzl)-Tyr-(0-2-Br-Cbz)-0-Resin is synthesized using the solid 
phase method described in Example 1, but starting with Boc-Tyr(0-2-Br-Cbz)-0-Resin (Merrifield resin), 
deblocking and coupling in a sequential order with the protected amino acids: Boc-N-Me-Ser(OBzi), Boc- 
TrpCN-formyl), Boc-His(Cbz), and Cbz-(pyro)Giu. The obtained Cbz-(pyro)Glu-His(Cbz)-Trp(N-formyl)-N-Me- 
Ser-(OBzi)-Tyr(0-2-Br-Cbz)-0-Resin is treated with anhydrous hydrazine in 10% methanol solution at room 
temperature for 48 hours. The resin is filtered and the filtrate is concentrated in vacuo . The residue is 
triturated with ether and dried over P 2 Os to give Cbz-(pyro)GIu-His(Cbz)-Trp-N-Me-Ser(OBzl)-Tyr(2-Br-Cbz)- 
NHNH 2 . 

(f) CbzKpyro)Glu-His(CbzKn?-N-Me 
?sbpropylmethylacetyll-Arg(Tos)-PrO"NHEt 

2.6 mmole of the hydrazide Cbz-(pyro)Glu-His(Cbz)-Trp-N-Me-Ser(OBzl)-Tyr(0-2-Br-Cbz)-NHNH 2 is dis- 
solved in 26 ml of degassed DMF and cooled to -10* C under nitrogen. To the solution is added 2.4 ml of 
5.8 M hydrochloric acid/THF. The reaction mixture is cooled to -25* C and to it is added a (1:19) solution if 
isoamylnitrite/DMF until a positive starch/KJ test reaction is obtained. About 16 ml of solution is required. 
When TLC shows that no hydrazide remained, the reaction mixture in cooled to -40* C and to it is added a 
cold DMF solution (4 ml) of [2-(S-3-amino-2-oxo-pyrroiidin-t-yl)-S-2-isopro^ 

iylethyiamide, previously obtained. The pH is raised to 8 with triethylamine. The reaction is stirred at -20 C 

for 24 hrs., after which the pH is readjusted to pH 8. Additional peptide is added and the reaction is stirred 

for additional 24 hrs. at the same temperature. The reaction mixture is concentrated in vacuo . The residue 

is triturated with water. The solid is filtered and dried over P 2 Os to give 

Cbz-<pyro)Glu-His(Cbz)-Trp-^ 

isopropyImethylacetyl]-Arg(Tos)-Pro-NHEt 

(g) (pyro)Glu-His-Trp-N-Me-Ser-Tyr-6,7-[2-(S-3-amino-2- oxo-pyrrolidin- 1 -y l)-S-2-isopropy Imethy lacety l> 
Arg-Pro-NHEt 

Cbz-(pyro)Glu-His(Cbz)-Trp-N^^ 
2-isopropylmethylacetylhArg(Tos)-Pro-NHEt obtained from the previous experiment, is treated at 0* C for 1 
hour with anhydrous hydrogen fluoride (10 ml) in the presence of anisoie (1.5 ml) and dimethylphosphite (1 
ml). The excess reagents are removed in vacuo . The residue is washed three times with ether, then 
dissolved in 
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(pyro)Glu-His-Trp-N-Me-Ser-Tyr-o,/ w 
NHEt 



Example V4 



20 



^ ^.Tro-N-Ma-Ser^.r.n- Tr P -L 8 u-Ar 9 .Pro-NHEt 



method described in Example 1. but ff^^J^^^ chromatography on a 25 an k 25 
Cl) The crude product was purif.ed usng h.gh p Jorman q ^ 8g% Hj0 11% 

cm Dynamax C-18 co.umn (25-40 micron) W «^ ™? ^ r " d of 50 min. The flow rate is 15 mtonui. 
CH 3 CnTi% TFAto 49% H 2 0/51% CH,CNA)J% ™ °ver * pe rc^ a ^ d 

2d UV detection is at 260 nM. as ^/Tn^r Si 

Wophiiized to give pure f^f^^SlL, l/pro. 1.1 Arg. 1, Leu. 1.6 Trp. 1.0 Ty, 0.9 



salt Fab Mass spec, m/e 1298 (M + H) 
His. 



Example 15 



25 



30 
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fr ... r ,...u-.c.T f n. N - M e.Ser-Tyr.0-T rp-Leu-Arg.Pr O -NHE t 



. o o Mupt was synthesized using the instrument and the 
(pyro^His-Trp-N-Me-Ser^ The crude product 

method described in Example 1. but ^^^^^^ to ft. conditions described above. 
™ & s purified using high performance Uqurf ^*f^ Qttectedt and , yop hilized to give pure (pyro)Glu- 
The product was e.uted at 33 ,1 minute ^as a ™f* ^ uotoace ^ salt. Fab Mass spec, m/e 1296 
H is .Trp : N-Me-Se^^ Xrp . ,. 0 Ty, 1.0 His. 0.8 G.u. 

(M + H) . Amino Acid Anal- 1.1 vm, i.u ™ a . 



Example 16 



40 



50 




» D „ riw NH, was synthesized using the instrument and 
N-AcSar-His-Trp-N-^ N -AcSar. The crude product was 

the method described in Example \ ^^S^^aig to the conditions Ascribed above- The 
purified using high performance hqu.d f°^X\ onecXe(i , and lyophilized to g.ve pure *AcS«rt*s 
croduct was eluted at 24.5 minutes as a f ^ e p fl f ^ 0 tf - l{luoroaC etate salt. Fab Mass spec, m/e 1338 
T*-N-Me-Se,Ty,^ « ^ Leu , n . 0 Tyr. 0.8 Trp. 0.8 His. 

/M + H) . Amino Aad Anal.. 1.0 uiy, 11 



Example 17 
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0-4-CI-Phe-0-4-CI-Phe-O-Trp-N-Me-Ser-Tyr-0-Trp-Leu-Arg-Pro-0-AIa-NH 2 can be synthesized using 
the instrument and the method described in Example 3, but substituting Cb2-(pyro)Glu and Boc-His-N-im- 
Cbz with 8oc-D-4-CI-Phe, substituting Boc-Trp(N-indole-formyl) and Boc-D-2-Na! with Boc*D-Trp-(N-indole- 
formyl) f and substituting Ecc-GIy-O-Resin with Boc-D-Ala-O-Resin, removing the BOC group from the 
peptide-resin with TFA and acylating the N-terminus using acetylimidazole. The protected peptide is 
cleaved from the resin with anhydrous ammonia. Subsequently the protecting groups are cleaved upon 
treatment with liquid HF at 0*C for 1 hour in the presence of anisole and dimethylphosphite. The crude 
product is purified using high performance liquid chromatography to give 
N-Ac-D-4-CI-Phe-D-4-CI-Phe-0-Trp-N-Me-Ser-Tyr-D-Trp-Leu-Arg-Pro-D-AlaNH 2 . 



Example 18 

Using the method described in Example 17 and substituting with the appropriate amino acids, the 
following compounds can be synthesized: 
N-Acetyl-3,4-dehydro-proiyl-D-3-4-CI-ph 
prolyl-D-aianyiamide; 
N-AcetyHdelta) 3i4 -prolyl-r>3-4-F-p^ 
leucyl-arginyl-prolyl-O-alanylamide; 
N-Acetyi-l>3-4-CI-phenyla!anyl-D-2-napm 
prolyl-D-alanylamide; 

N-Acetyl-l>3-4-Ci-phenylalanylO-phenylalanyh 
N-methyHeucyl-arginyl-proiyl-D-alanyiamide. 
N-Acerylprolyi-D-3-4-CI-phenylalanyl^ 
lysyl(N-epsi!on-isopropyl)-prolyl-D-aianylamide. 

Example 19 



(pyro)Glu-N-Me-Phe-Trp-Ser-Tyr-D"Trp-Leu-Arg-ProNHEt 



Using the same procedure and protocol described in Example 1 but substituting BOC-N-Me-Phe for 
BOC-His(N-im-CBZ), BOC-D-Trp(N-indole-formyl) for BOC-OLeu, BOC-Ser(OBzl) for BOC-N-Me-Ser(OBzl) 
and adding 0.1% OMAP to the solution of Cbz-p-Glu instead of that of BOC-Trp(N-indole-formyl). and 
following the same workup as previously described, 

(pyro)Glu-N-Me-Phe-Trp-Ser-Tyr-D-Trp-Leu-ArG-ProNHEt was obtained as crude product The compound 
was purified by HPLC as previously described. The product was eluted at 27.3 minutes as a single peak. 
Fab Mass spec, m/e 1306 (M + H)\ Amino Acid Anal.: 1.0 Pro, 1.1 Arg, 1.0 Leu, 1.6 Trp, 0.9 Tyr, 0.7 Ser, 
0.9 GIu. 



Example 20 



(pyro)Glu-His-Trp-Ser'N-Me-Tyr*D-Trp-Leu-Arg-ProNHEt 



Using the same procedure and protocol described in Example 1 but substituting BOC-0-Trp(N-indole- 
formyl) for BOC-D-Leu. BOC-Ser(OBzl) for BOC-N-Me-Ser(OBzI). BOC-N-Me-Tyr(0-1,6-di-CI-Bzl) for BOC- 
Tyr(OBr-CBz), and adding 0.1% DMAP to the solution of BOC-Ser-(OBzl) instead of that of BOOTrp(N- 
indole-formyl), and following the same workup as previously described, 
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f,v,m-Gi.i His-Tro-Ser-N-Me-Tyr-D-Trp-Leu-Arg-ProNHEt was obtained as a crude product. The compound 
^ i XHW^Lyd^J The product was eluted at 25,5 minutes as a s,ng.e pea . 
Fab Mass spec, m/e 1296 <M + H)\ Amino Acid Anal, 1.1 Pro, 1.2 Arg. 1.1 Leu. 1.3 Trp. 0.7 Ser. 0.9 H,s. 
0.9 Glu. 

5 

Example 21^ 



10 



75 



20 



( PY ro)Glu-His-Trp-Ser-N-Me-Tyr-D-L8u-Leu-Arg-ProNHEt 

Using the same procedure and protocol described in Example 20 but substituting BOC-D-Leu for BOC- 
rvr rc /N-indole-formvi), and following the same workup as previously described. 

^rSGIu-Ws d ir ^Me-Tyr-D-Leu-Leu-Arg-ProNHEt was obtained as a crude product. The compound 
STS£ ^b^ HP^^rlviously described. The product was eluted at 16.8 minutes a s ; ng.e pea . 
fS Mass spec, m/e 1223 (M + H)\ Amino Acid Anal. : 1.0 pro. 0.9 Arg. 1.5 Leu. 0.6 Ser. 0.9 Trp. 0.8 H.s. 
0.8 Glu. 

Example 22 



25 



(pyro)Glu-His-Trp-Ser-Tyr-N-Me-D-Leu-Leu-Arg-ProNHEt 



Using the same procedure and protocol described in Example 1 but substituting B0C-Ser(0B 2 l) for 
nr-J T^Zxcmln BOC-N-Me-D-Leu for BOC-O-Leu and adding 0.1% DMAP to the solufton of BOC- 
30 ^SS^ISS oMh* of BoSTrp(N-indo.e-formy.). and fol.owing the same workup as prev ously 
J kIh ^rnirnTnu His Tro-Ser-Tv was obtained as 3 Crude pr ° dUCt - ^ 

~d rs:^:^ r 4 - rr P ™ % 

single peak. Fab Mass spec, m/e 1223 (M + H) . Ammo Acd Anal.: 1.0 Pro. 0.9 Arg. 0.8 Leu. o.B .yr. 
35 Ser. 0.7 Trp. 0.9 His. 0.9 Glu. 



Example 23 



40 

(pyro)Glu-His-Trp-Ser-Tyr-D-Trp-Leu-N-Me-Arg-ProNHEt 



Using the same procedure described in Example 1 but substituting BOC-Ser(OBzl) 
,OB 2 inOC-0-Trp(N-indole-formyl) for BOC-D-Leu, BOC-N-Me-Arg(Tos) for BOC-Arg(Tos) and addmg 
0 1% DMAP to ^solution if BOC-Leu instead of that of BOC-Tr P (N-indo.e-form y .). and fo..ow,ng the same 

l^Z^Z^-^^ro^ was obtained as a crude product. The compound 

so was purified by HPLC using the same conditions previously described. 



Example 24 



55 

(pyro)GIU'His-N-Me-Trp-Ser-Tyr-D-Trp-Leu-Arg-ProNHEt 
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Using the same procedure described in Example 1 but substituting BOC-Ser(OBzi) for BOC-N-Me-Ser- 
(OBzl), BOC-N-Me-Trp(N-indole-formyl) for 

BOC-Trp(N-indole-formyt), BOC-D-Trp(N-indole-formyl) for BOC-D-Leu. and adding 0.1% DMAP to the 
solution of BOC-His(N-im-CBZ), and following the same workup as previously described. 
(pyro)Glu-His-N-Me-Trp-Ser-Tyr-D-Leu-Arg-ProNHEt can be obtained and subsequently purified by HPLC 
using the same conditions previously described. 

Example 25 



(pyro)Glu-His-N"Me"1"Na]*Ser-Tyr'D-Trp-N-Me-Leu*Arg-ProNHEt 



Using the same procedure described in Example 1 but substituting BOC-Ser(OBzl) for BOC-N-Me-Ser- 
(OBzl), BOC-N-Me-1-Nai for BOC-Trp(N-indole-formyl), BOC-D-Trp(N-indole-formyl) for BOC-D-Leu. BOC- 
N-Me-Leu for BOC-Leu, and adding 0.1% DMAP to the solutions of BOC(N-invCBZ)-His and BOC-D-Trp(N- 
indole-formyl) instead of that of BOC-Trp(N-indole-formyl), 

(pyro)Giu-His-N-Me-1-Na!-Ser-Tyr-D-Trp-N-Me-Leu-Arg-ProNHEt can be obtained and subsequently purified 
by HPLC using the same conditions previously described. 

Example 26 



N-Ac-3 t 4-dehydro-PrO"4-CI'D'Phe-D-Trp-Ser-N-Me-Tyr-D-Trp-Leu-Arg-Pro'D-AlaNH2 



.Using the same procedure and protocol described in Example 1, but substituting BOC-Pro-O-Resin 
(Memfield resin) with BOC-D-Ala-NH-Resin (4-methyl-benzhydrylamine resin), CBZ-(pyro)-Glu with N-Ac- 
Pro, BOC-His(N-im-CBz) with BOC-4-Cl-D-Phe, BOC-Trp(N-indole-formyf) and BOC-D-Leu with BOC-D-Trp- 
(N-indole-formyl), BOC-Tyr(0-2-Br-CBZ) with B0C-N-Me-Tyr(O-2 f 6-di-CI-Bzl) and adding 0.1% DMAP to 
the solution of BOC-Ser(OBzl) instead of that of BOC-Trp(N-indole-formyl) and acylating the N-terminus of 
the peptide on the resin using N-acetylimidazole, the peptide resin 
N-Ac-3.4^ehydro-Pro^C»-D-Phe-D^ 

Arg(Tos)-Pro-D-Ala-NH-Resin can be obtained. The peptide is cleaved from the resin upon treatment with 
HF at 0 * C for 1 h in the presence of 5% anisole and 5% dimethyl phosphite. After work up and HPLC 
purification, 

N-Ac-3.4 dehydro-Pro*4-CI-D-Phe-0-Trp-Ser-N-Me-Tyr-D-Trp-Leu-Arg-Pro-D-AlaNH 2 can be obtained. 



Example 27 



N-Ac-Sar-Phe-Trp-N-Me-Ser-Tyr-D-Trp-Leu-Arg-Pro-SarNH2 



Using same procedure and protocol described in Example 26, but substituting BOC-D-AlaNH-Resin with 
BOC-Sar-NH-Resin (4-methyl-benzhydrylamine resin), N-Ac-3,4-dehydro-Pro with CBZ-p-Glu, B0C-4-CI-D- 
Phe with BOC-Phe, BOC-D-Trp(N-indole-formyl) at position 3 with BOC-Trp(N-indole-formyl) ( BOC-Ser- 
(OBzJ) with BOC-N-Me-Ser(OBzl) and adding 0.1% DMAP to the solutions of BOC-Trp-(N-indole-formyi) and 
BOC-Pro. after HF cleavage, work-up and HPLC purification, N-Ac-Sar-Phe-Trp-N-Me-Ser-Tyr-D-Trp-Leu- 
Arg-Pro-SarNH2 can be obtained. 
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Example 28 



M.A.. fla r.N.Me-H iS -T f n-^r.N-Me.Tyr-D-TYr-Leu-Arg-Pro-NHEt 

. ^.„rih-rf in Example 1 but substituting BOC-N-Me-His(N-im- 
Using the same protocol anc ' P^ r ° < JJ ^N.Me-Ser(OBzl). BOC-N-Me-Tyrfp^-di-C.-Bzl) for 
CBZ) for BOC-His(N-im-CBZ) 'J^f^^^ZZ ^ adding 0.1% OMAP to the solutions of 
,« BOC-Tyr(0-2-Br-CBZ). ^^2^23 BOf>Trp(N-indole-formyl), after work-up and HPLC punfca- 

r;p^ can * obtained - 



Example 29 



is 
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Example 30 



30 




35 



■u.^ in Fvamole 27 but substituting BOC-N-Me-Phe for 
Using the same protoco. and procedure descnbed Lf^^oS^frCWzl) for BOC-Tyr(0-2-Br- 
BOC-Phe. BOC-Ser(OBzl) for BOC-N-Me-SeKOBzO. ^^^OO^OBOi and BOC-Pro. instead 
CBZ). and adding 0.1% of DMAP to ^ov^na HF cleavage Sup and HPLC purification. 



40 



Example 31 



45 



50 



K.-^^r-His-Trp-N-Me- — ^.n-Tro-Leu-Arg-ProNHEt 

■^m ir. Pvamole 1 but substituting N-Ac-Sar for CBZ- 
Using the same protocol and procedure descnbed in W rp(N . ind0 le-formyl) for BOC- 

(pyro^u. BOC>N-Me-^ work . up ^ HPLC 



55 



Example 32 
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N'Ac-Sar-3"Tic-Trp-N*Me-Tyr-D-Trp-N-Me*Leu-Leu-Arg-ProNHEt 



Using the same protocol and procedure described in Example 21 but substituting N-Ac-Sar for Cbz- 
(pyro)Glu, BOC-3-Tic for BOC-His(N-im-CBZ), BOC-D-Trp(N-indole-formyl) for BOC-D-Leu. BOC-N-Me-Leu 
for BOC-Leu. and adding 0.1% DMAP to the solution of BOC-D-Trp-(N-indole-formyl) also, after workup and 
HPLC purification. 

N-Ac-Sar-3-Tic-Trp-N-Me-Tyr-D-Trp-N-Me-Leu-Leu-Arg-ProNHEt can be obtained. 



Example 33 



N-Ac-D- 2-Nal-N-Me-D-4-Cl-Phe-^ 
(N-epsilon-isocrocyt)-Pro-D-AlaNH2 

Using a procedure and a synthetic protocol similar to those described in Example 1 but substituting 
BOC-D-Ala-NH-Resin (4-methyl-benzyhydrylamine resin) for BOC-Pro-O-Resin (Merrifield resin) and cou- 
pling the amino acids according to the following order and coupling protocol: 



# Amino Acid 

1 BOC-Pro 

2. BOC-Lys(N-epsilon-isopropyl- 
N-eps i lon-CBZ ) 

3 . BOC-Leu 

4 . BOC-D-Lys ( N-eps i lon-FMOC ) 

5 . BOC-Lys( N-eps i lon-FMOC) 

6. BOC-3-D-Fal 

7 . BOC-N-Me-D-4-Cl-Phe 

8. N-Ac-D-2-Nal containing 0.1% DMAP 



Coupling 

two-lh 

two-lh 

two-lh 
two-lh 
two-lh 
f our-2h 
f our-lh 
f our-lh 



Upon completion of the synthesis the resin is treated with 20% piperidine in CH 2 CI 2 solution for 8 hours 
to remove the FMOC protecting groups from the two Lys. After several washes with CH2CI2 and drying in 
vacuo, the peptide on the resin is coupled with nicotinic acid using the peptide synthesizer and the two-1 h 
coupling protocol. Subsequently the peptide is cleaved from the resin with HF at 0* C for 1h in the 
presence of anisole and dimethylphosphite to give N-Ac-D-2-Nal-N-Me-D-4-CI-Phe-3-Pal-Ser-Lys-(N- 
epsilon-nicotinoyl)-D-Lys-(N-epsilon-nicotinoyl)-Leu-Lys(N-epsilon-isopropyl)-Pro-D-AlaNH2 as a crude prod- 
uct The peptide can be purified by HPLC using the conditions previously described. 



Example 34 



N-Ac-0-2-Nal- N-Me-Q-4-Cl-Phe-Q-3-Pa^Se^^ 
(N-epsilon- isopropyi)-Pro-SarNH2 

Using the same procedure, protocol, and amino acids as described in Example 33 but substituting 
BOC-Sar-NH-Resin (4-methyl-benzydrylamine resin) for BOC-D-Ala-NH-Resin and also adding 0.1% DMAP 
to the solution of BOOPro, after work-up and HPLC purification. N-Ac-r>2-Nal-N-Me-r>4-OPhe-0-3-Pal- 
Ser-Lys-(N^psiton-nicotinoyi)-D-Lys-{^ can to 

obtained. 
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Example 35 



5 N-Ac-P -2-Nal-O^CI-phe-D-3-Pal-N-Me-^ 
/N-epsilon-isopropyQ-Pro-D-AlaNHg 

Using the same procedure, protocol and amino acids as described in Example 33. but substituting 
BOC-D-4-CI-Phe for B0C-N-Me-D-4-CI-Phe, BOC-N-Me-Ser(082l) for 80C-Ser(0Bzi) and adding 0.1% 
70 DMAP only to the solution of BOC-Pal, following workup and HPLC purification, the desired compound can 
be obtained. 

Example 36 

75 

N-Ac-D-2-Nai-D-4-g-Phe-D-3-Pal-Ser-N-Me-Tyr-D-Ly 

Pro-D-AlaNH? " — _ 

20 

Using the same procedure, protocol and amino acids as described in Example 33, but substituting 
BOC-N-Me-Tyr(0-2,6-diCI-Bzl) for BOC-Lys-(N-epsilon-FMOC), adding 0.1% DMAP only to the DMF 
solution of BOC-Ser(OBzl), and at the end coupling with picolinic acid instead of nicotinic acid. Following 
workup and HPLC purification, the desired compound can be obtained. 



Example 37 ' 



30 

N-AC'D-2-Nal-D^CI-Phe-D-3-Pal-N*Me-Ser-Tyr-D-Lys-(N-epsilon-4-pyrazinoyl)-Leu-Lys-(N-epsilon- 
iscpropyl)-Pro-P-AlaNH2 

Using the same procedure, protocol and amino acids described in Example 33, but substituting BOC-N- 
35 Me-Ser(OBzi) for BOC-Ser(O-Bzl), adding 0.1% DMAP only to the DMF solution of B0C-O-3-Pal and at the 
end coupling with 4-pyrazinecarboxylic acid instead if nicotinic acid, following workup and HPLC purifica- 
tion, the desirec compound can be obtained. 



Assay Procedures 

The biological activities of the compounds of the invention are determined by the following assays: 

(a) Receptor Binding. A radioligand receptor binding assay is performed in a similar way to that 
described in the literature (J Marion et aL Mol. Pharmacol. 19 399 (1981)). [D-Leu 6 -des Gly 10 ]-LHRH ethyl 

45 amide was radioiodinated by the chioramine-T method and used as the radioligand. Pituitary membranes 
containing LHRH receptors are prepared in batches from quick-frozen rat pituitaries obtained from Hilltop 
Labs. The radioligand (50pM), receptors, and compounds to be tested are coincubated for 2 hours at 4* C. 
Bound ligand is separated from free Ngand via centrifugation and aspiration. Confounds are tested at six 
half-log concentration increments, and the negative log of the equilibrium dissociation constant (pK,) is 

so calculated from the concentration which displaces 50% if specifically bound radioligand. 

(b) In vitro LH Release. This assay has been adopted from the literature (H.A. Jinnah and P.M. Conn, 
Endrocrinolbgy"~1 18" 2599 (1986)). Rat pituitaries are removed from immature female rats, minced, and 
dissociated with"coiiagenase/hya!uronidase. They are allowed to attach to 48-well microtiter plates for 48-72 
hours, then are exposed to test compounds for 3 hours at 37 * O. The medium is assayed for released LH 

55 by RIA (radioimmunoassay). This assay is used to determine quantitatively the potencies of LHRH agonists 
from the negative log of the concentration which produces half-maximal release of LH (pD2>. 
For assaying LHRH antagonists, exogenous superagonist [D-Leu 6 -Pro 9 NHEt]LHRH is added. The suppres- 
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sicn of LH release by the antagonist is dose related. The assay determines the potencies of the LHRH 
antagonists from the negative log of the concentration which produces half-maximum suppression of LH 
(pAa). 

(c) In vivo LH Release. The compound to be tested is administered to castrated rats mtraveneously 
s and the s^rurTTuT concentration at various time points is measured by RIA. The time inteorated LH 

response is calculated and the dose producing half-maximal LH release (ED 50 ) is reported. 

(d) Stability against enzymatic degradation. The intestinal stability of the compounds of the invention 
was determined using in vitro rat jejunum in a reperfusion system. The fractional mucosal loss was an 
indicator of the relative ratelT degradation of the compounds thirty minutes after introduction of the luminal 

70 bath. See Fiqure 1. 

The in vitro and in vivo biological activities of representative compounds are shown below: 



15 



25 



30 



Compound # 


Receptor 


LH 


EDscug/kg 




Binding pk ( 


Release 
pD 2 


t.v. 


Ex. 1 


8.93 


9.43 


7.20 


Ex.3 


10.4 


11.3 


0.129 


Ex.7 




9.73 


9.64 


Ex. 12 


8.98 


9.31 


9.90 


Ex. 13 


10.42 


8.50 




Ex. 14 


9.43 


9.61 


0.39 


Ex. 15 


10.1 


10.1 


1.38 


Ex. 16 


9.24 


9.29 




Ex. 20 


10.80 


10.50 




Ex. 21 


9.34 


9.57 




Ex. 22 


9.16 


9.60 




LHRH 


8.90 


9.27 


100 




10.3 


10.14 


0.12 * 



[0-Leu 6 -desGly 1 °]LHRH-Et amide. 



The foregoing is merely illustrative of the invention and is not intended to limit the invention to the 
35 disclosed compounds. Variations and changes which are obvious to one skilled in the art are intended to be 
within the scope and nature of the invention which are defined in the appended claims. 



Claims 

40 

1 . A compound of the formula: 

A-B-C-D-E-F -G-H- I -J 
123456789 10 

45 

or a pharmaceutical ly acceptable salt thereof; 

wherein A is an amino acyl residue selected from the group consisting of L-pyroglutamyi, D-pyrogiutamyl. 
N-acetyl-L-prolyl, N-acetyl-D-prolyl, N-acetyl-L-derta 3 * 4 -prolyl, N-acetyl-D-delta 3,4 -proiyi. N-acet> A 

50 phenylalanyl, N-acetyl-D-phenyialanyl, N-acetyl-L-3-4-chlorophenylalanyl. N-acetyl-D-3-4-chiorophenylaianyl t 
N-acetyl-L-3-4-fIuorbphenylalanyl, N-acetyl-D-3-4-fluorophenylalanyi. N-acetyl-L-3-2-naphthylalanyl. N- 
acetyi-alpha-methyl-L-3-4-chlorophenylalanyl, N-acetyl-alpha-methyl-D-3-4-chlorophenylalanyl, N-acetyl-L-3- 
4-trifluoromethylphenylalanyl, N-acetyl-D-3-4-trifluoromethylphenylalanyl. N-acetyl-L-tyrosyl, N-acetyl-D- 
tyrosyl, N-acetyt-L-O-methyl-tyrosyl. N-acetyl-D-O-methyl-tyrosyl. N-acetyl-D-3-2-naphthylalanyl, N-acetyl-L- 

55 3-1-naphthylalanyl, N-acetyl-3-1-naphthylalanyl, N-acetylsarcosyl, N-acetylglycyl. L-N-acetyJ-N-methylalanyl, 
N-acetyl-N-methyl-D-alanyL N-acetyl-alpha-methyl-L-phenylalanyl, N-acetyl-alpha-methyl-D-phenylalanyl. N- 
acetyl-D-phenylalanyl, N-acetyl-L-phenylalanyl. N-formylsarcosyl. N-formyl-N-methyl-L-aJanyl, N-formyl-N- 

29 



EP 0 328 090 A2 



met h y ,a,an yl . 2 ~.~^ 

L- d elta"-prolyl. D-de.ta~-proly.. uorophenylaianyl. alpha-methy.-L-3.4- 

chloropheny.a.any.. ^T^7l2^en^, LWifluoromethylphenylalanyl. 0-3-4- 
chloropheny.alanyl. alpha-methyl-D o-O-methyl-tyrosyl. sarcosyl. glycyl. L* 

pheny.a.anyl. D-pheny.alanyl. L-3-(^ 
, napmhylValanyl. L-3-(3-pyndyl)-a!anyl L-3- 2 pyr* yl a ^ lo ° 0 ^ en P ; )alany |, L . 3 .(4-fluorophenyl)a.anyl, 0- 
D .3-(3- Py razoi y 0-alan yl .L-3-(4-chlorophen^^ D . Y a p h a-meth y l-3-(4^hlorophen y 0alan y . 

3- C4-fluorophenyl)alan y l. L-a.pha-meth y h3-(4^ ^ 
(3S)-1 .2.3.4-tetrah y droisoquinor,ne-3-carbon y ^ ^^"^y,. D-3-(2-p y rid y l)-alan y l. L-3-<3- 
(eth y taminocarbonylH5)-N-^ N -(R 3 0-L-phenylalany^ 

s pyridyD-alanyl. D-3-(3- P yridyl)-alanyi ■ H-(H^D-^ 
N-<R 3 0-D- P hen y .alan y l, N-^ 

nuorophaoylalanyl. N-(R 3 , H-^W h ^ ^X'roJ\t^yLAyra S yl N-(R3 1 J-D-O-methyl-tyrosyl. N- 

4- tnfluoromethy.pheny.alanyl. N- R 3 i >^<>^^^^g^~i-<Fl-^ >5i?i-<^-«-pt«hy0-«te«y«- ^-(RaO-L-^-naph. 

s^r^ wherein Rsi ,s y 

2 J^rro »e selected *om the ^^SS^ 
Phen y lalan y l. alpha-meth y l-L-phen y lalan y l. alpha-met hyl D ^ en ^» ^' D . 3 .4-chloro P henylalan y l. al P ha- 
wJUl lo-methy.tyros.l. D ^?^^ Y^trifluoromethylpheny.^ 

2S meth y i-L-3-4-chlorophen y ialanyl. a'P^^^^^py^^inyl. L-3-(3-quinolyl) alanyl. D-3-<3- 
"W^ 1 ^^ N-(R 32 )-D-pheny!alany., N-(R«)-L- 

quinolyO-alanyl. L-3-(2-naphth V HianyU °J 3 /f-"f P ^ N-{R32)-L-3-4- 
pheny.alanyl. N-tR^-D-tryptyl nS" yL-3-4-chloro P hen y .a.an y l, N-^K-3-4- 

Lrophen y .a,an y l. ^Raa^-chto^^^ N . (R32) -D-3-<2- n a P hth y .)a.an y .. N- 

30 trifluoromethylphenylalanyl N ^i 2) -°% 4 .~h t h y l)a^ y l, N-(R 32 )-L-3-(1-na P hth y l)alan y l. N-<R3 2 )-0- 

35 ioweraltyl or allyl: 

or D is -N(Et)CH 2 CH(NHMe)C(0)-; consisting of L-t y ros y l. L-O-methyMyrosyl. L- 

E is an amino acy. residue -'^^ and N-(R3 3 H>eth y .-L- 

D henyla!an y l. N-(R 33 )-L-t y ros y l. N-(R 33 )-0-metn y i u i y ro»y , v 
whLin R 33 is methyl, ethyl, propyl or .sopropyl. or E is 



**0 



45 




H (CH 2 ) n 
I 



wherein 



n is 1 to 4; R 3 o is methyl, ethyl.propyl or isopropyl; and R, is 



SO 

^ ^ NHR 2 

55 
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ring system having one, two or three heteroatoms independently selected from nitrogen, oxygen and suifun 
or R 2 o is a substituted phenyl wherein the substituent is selected from methoxy, amino, alkylamino and 
diaikylamino; or Ri is -NH(R 3 )C(0)NH(R*) or -NH(R 3 )C(NH 2 ) = NR* wherein R 3 and R* are independently 
selected from hydrogen, loweralky! and cycloalkyl; 

F is a D-amino acyl residue derived from any of the naturally occuring alpha-amino acids or from synthetic, 
non-natural alpha-amino acids; 

G is an amino acyl residue selected from the group consisting of L-!eucyl, L-isoleucyl. N-(R 38 )-isoleucyi. 
norleucyl, N-{R3 8 )-norieucyl, L-N-(R 5 s)leucyl, alloisoleucyl, valyl norvaiyl, tyrosyl. tryptyl, 2-aminobutyryi 
(cyclohexylK-aianyl, N-(R 38 )-L-cycIohexylalanyl, N-(R38)-va!yt, phenylalanyl, N-<R 38 )-phenylaIanyl, N-(R 38 >- 
tryptyl, N-(R 38 Hyrosyl, prolyl, pipecoiyl, seryi and N-(R 38 )-seryl, wherein R 38 is methyl, ethyl, propyl or 
isopropyi; or 

F and G taken together are 




wherein R+ 7 is hydrogen, loweraikyi, 3-indolylmelthyl, 2-naphthylmethyl, benzyl or substituted benzyl 
wherein the phenyl ring is substituted with a substituent selected from hydroxy and methoxy; 
H is an amino acyl residue of the formula: 




wherein p is 1 to 4; R 3 g is methyl, ethyl, propyl or isopropyi; and R9 is 




NHR l0 



or -NHR10 wherein R10 is hydrogen, loweraikyi. cycloalkyl or R 2 2C(0)- wherein R 22 is a heterocyclic 
aromatic ring system of one ring or two fused rings, each ring having 5 or 6 atoms, and the heterocyclic 
aromatic ring system having one. two or three heteroatoms independently selected from nitrogen, oxygen 
and sulfur; or R 22 is a substituted phenyl wherein the substituent is selected from methoxy. amino, 
alkylamino and diaikylamino; or R 9 is -NH(R, i)C(0)NH(R 12 ) or -NH'Ri i )C(NH 2 ) - NRi 2 wherein R;i and 
R12 are independently selected from hydrogen, loweraikyi and cycioa.Kyl; '~ 

I is an imino acyl or aliphatic amino acyl residue selected from the group consisting of L-prolyl. L-pipecoiyi, 
3-{Ioweralkyl)-prolyl, N-methyl-L-alanyl, N-methyl-norvalyl. 1-dihydroisoindole-2-L-carbonyl and thiazolidine- 
5-L-carbonyl; and 

J is 1-pyrrolidinyi, 1-piperidinyl. 4-morphoiinyl. or an amino acyl residue selected from D-alanylamide. L- 
alanylamide. sarcosylamide. N-(FU 0 )-D-alanylamide. N-<R4o)-L-alanylamide f N-(R* 0 )-beta-L-alanylamide H- 
(R*o)beta-D alanylamide. L-2-aminobutyrylamide, D-2-aminobutyrylamide, N-(R4 0 )-L-2-aminobutyryiamide. 
N-(R* 0 )-r>2-aminobutyrylamide. L-serylamide. D-serylamide. N-(R* 0 )-L-serylamide. N-{FU 0 )-O-serylamide, 
N-(R*o)-L-norvaJyiamide. N-<R4ohOnorvalylamide. L-norvalylamide, D-norvalylamide, wherein R*o is methyi. 
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. ■ MUQ ftr nhch->CONHRb wherein R 8 is hydrogen, loweralkyl. cycloalkyl. 
ethyl, propyl or isopropyl; or J « -NHfl. ,. or J is -NHNH-C(0)-NH-Ri 3 wherein R„ 

f,uoro substituted loweralkyl or hydroxy or {luoro substituted loweralkyl; with the 

hydrogen. loweralkyl. cycloalkyl. hydroxy «f£^J^^ r £ w ^ 8 A -B, B-C. C-O. D-E. E-F. F-G. G- 



10 



Me-Leu-Arg-Pro-NH 2 . 

2. A compound of the formula: 



A-3-C-D-E-F-G-H- I -J 
123456789 10 



35 



75 or a pharmaceutical^ acceptable salt thereof; CO nsistinq of L-pyroglutatnyl, D-pyroglutamyl, 

-.herein A is an amino acyi residue s* 16 ^ N-acetyl-L- 
N-acetyl-L-prolyl. N-acetyl-D-prolyl, N-ace^l -L ^ {> N . acety ,.D-3-4-chlorophenylalanyl. 

ohenylalanyl. N-acetyl-O-phenylaianyl. N-acetyl-L-a-^chlorophenyiaiary.. in v ph thylalanyl. N- 

N-acetyl-L-Ufluorophenylalanyl. ^'^ e ^^^^ y^^^a^^h^f^^^^^^^^^^^' L " 3 " 
20 acetyl-alpha-methyl-LWhlorophenylalanyl. N ;f e^*^ N-acetyl-D- 
ttnf(uoromethy.pheny.a.any«. I**?!**^^ 

tyrosyl. N-acetyl-L-O-methyi-tyrosyl N-aceWlglycyl. L-N-acetyi-N-methylalanyl. 
3-1-naphthylalanyl. N-acetyl-3-l-naphth^^ N ?S-alpha-meth y .-0-pheny.a.any.. N- 

c N-acetyl-N-methyl-D-alanyi. N-acetyt-alpha-metJ 1 y.-L-ph^ N S y l-N-methy.-L-alany.. N-formyl-N- 
25 acety.-D-phenyla.any,. ^^7*^ N-deltaithyl-g.utamy.. L- P rolyl. D-pro.y.. 

methylalanyl. 2-N-<eth y .ammocarbony S^yWanyl L-3-4-chlorophenylalanyl. D-3-4- 

L-de.ta^-proly.. ' D-delta^-prolyl. L-phenyla.anyl. D ^^^ m ^ l ^ a,pha-methyl-L-3^ 

ch.orophenyla.any.. ^'Tn^h^ °- 3 " 4 ' 
„ chlorophenylalanyl. alpha-methyl-D -3-4-chlo oph e n^JJJ- D . 0 ^ e th y l-tyrosyl. sarcosyl. glycyl. L- 

pheny.alanyl, D-pheny.alany., L-3-(2-n^^^^^^^ 

napr.thyD-a.anyl. L-3-(3-pyrid y l)-a.any., L*fWf&^^ L X (4 -fluoropheny.)a.any.. 0- 

D-3-(3-p y ra20i y .)-alan y I.L-3-(4^hlorophen y l)alanyl. D-3- <^ h ' 0 '^^^ 

3-(4-f.u P o?ophen y .)alan y .. ^P"^*;^ (2) . N . 
(3S)-1.2.3.4-tetrah y droisoquinoline-3^arbonyl. 3 ^^^' D . 3 -(2-pyridyl) alanyl. L-3-<3- 
<em y .aminocarbon y .M5>^ 

pyridyD-alanyl. D-3-(3-pyrid y l)-alan y l. L-3-(3-quinolyl) aianyi u*-io « y , alanyl> N . (R3lh o-3-4- 

N-«R 3 y 0-D-phen y .a.an y ..N-(R3,h0 ; 3-4-ch.oro^^ 

wherein Rai is memy1, 

ethyl, propyl or isopropyl; „ rtrt<5i c+inn nf L-trvotvi D-tryptyl, L-phenylalanyl, D- 

C is an amino acy. residue selected from * e 9™> °* 1 - Mph - 
pheny.a.an y ., alpha-methyhL-phenylalanyh ^P^-™^^ D .3-4-chloro P hen y .a«anyl. alpha- 

thylalanyl. L-O-methyltyrosy.. D-O-meth yltyrosy ^ 3 . 4 . c ^ 

methy.-L-3-4.chloropheny.alany.. -Pf™"*^^ L . 3 -(3-quino.y.)-alanyl. D-3-(3- 

D-3-4-trifluororneth y lphen y lalan y l. L-3-<3- Py ndy0-ala «yl. J^*™ ^a)-D-phenylalanyl. N-<R 32 )-L- 
qui no. y .)- a .an y .. ^aph^ y .)-a.an y i. * 3 "f^^ N-(R, 2 K 3-4- 

phenylalanvl. N-(R 32 )-D-tr y ptyl. ^ R "H-trypW. N S R T, VL . 3 ^ ch | 0 rophen y lalan y l. N-(R 32 )-L-3-4- 
fborophenylalanyl. ^H******^^ N- 
trif.uoromethylpheny.alany.. N *< R ">-°;%^ U °^ N * (R32> - 0 - 

( :^« * -* — or isopropy,: 



40 
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D is an amino acyl residue selected from the orocp consisting of prolyl. L-seryl. O-benzyl-L-seryl, L-alanyl. 
L-threonyl. N-{R 0 )-L-seryl, N-(Ro)-L-seryl(0-ben2yO. N-(R 0 )-L-alanyl. and N-(Ro)-L-threonyl. wherein R 0 is 
loweralkyl or allyl; 
or 0 is -N(Et)CH 2 CH(NHMe)C(0)-; 

E is an amino acyl residue selected from the oroup consisting of L-tyrosyl. L-O-methyl-tyrosyl. L- 
phenylalanyl. N-(R 33 )-L-tyrosyl. N-(R 33 )-0-methyl-L-tyrosyl, N-(R 33 )-L-phenylalanyl and N-(R 33 )-0-ethyt-L- 
tyrosyl, wherein R 33 is methyl, ethyl, propyl or isopropyl; or E is 

H (CH2) n H <CHj) n 

R, R 1 



wherein n is 1 to 4; R 3 q is methyl, ethyl propyl or isopropyl; and Rt is 



20 




25 or -NHR 2 wherein R 2 is hydrogen, loweralkyl, cycloalkyl or R 20 C(O>- wherein R 20 is a heterocyclic aromatic 
ring system of one ring or two fused rings, each ring having 5 or 6 atoms, and the heterocyclic aromatic 
ring system having one, two or three heteroatoms independently selected from nitrogen, oxygen and sulfur 
or R 20 is a substituted phenyl wherein the substituent is selected from methoxy. amino, alkylamino and 
dialkylamino; or R, is -NH<R3)C(0)NH(R<) or -NH(R 3 ).C(NH 2 ) = NR* wherein R 3 and R+ are independently 

30 selected from hydrogen, loweralkyl and cycloalkyl; ■ 
F is a D-amino acyl residue of the formula: 




wherein y is 1 to 3; Rs is C1 to Ce straight or branched chain 

alkyl, C 3 to C* cycloalkyl, phenyl, alkoxy, thioalkoxy. hydroxy, Ci to C 6 straight or branched chain alkyl, C 3 
to Ce cycloalkyl. hydroxy, alkoxy. thioalkoxy. phenyl, 2-naphthyl. N-benzyl-4-imidazolyl. or a heterocyclic 
aromatic ring system of one ring or two fused rings, each ring having 5 or 6 atoms, and the heterocyclic 
aromatic ring system having one. two or three heteroatoms independently selected from nitrogen, oxygen 
and sulfur; or Rs is -(CH 2 ) m Rfi wherein m is 1 to 4 and R 6 is -NH(R )C(0)NH(R ) or -NH(R )C(NH 2 )-NR 
wherein R and R* are independei.cly selected from hydrogen, loweralkyl and cycloalkyl; or R s is 




NHR 7 



or -NHR 7 wherein R 7 is hydrogen, loweralkyl. cycloalkyl or Rc is R 2 iC(0)- wherein R 2 , is a heterocyclic 
aromatic ring system of one ring or two fused rings, each ring having 5 or 6 atoms, and the heterocyclic 
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and «*n o, Rj. *J>£T*?JZZ and «„ and R,. are independently 

alkoxy. phenoxy. amino or p-methoxyphenyl; „^ n „ nf , i ftlicv « i -isoleucvl N-(R 3 8)-isoleucyl. 

G is an amino acy, residue lalobutyryl. 
norleucyl, N-(R 38 )-norleucyl. »--N-{R3«)leucyl. ^ K ^r^'- , oh onvlalanyl. N-(R 38 )-phenylalanyl, N-(R 38 )- 
(cyc.ohex yi )-L-a.anyi. ^.K^^^^^^^S R. is me'thyi* ethyl, propy. or 
tryptyl. N-(R 3 8)-tyrosyl, prolyl, pipecolyl. seryi ana in ^n 3 s; *«.y , 



10 isopropyl; or 

F and G taken together are 



75 



20 




R , is hvdrooen loweralkyl, 3-indolylmelthyl. 2-naphtnylmetM. benzyl or substituted benzyl 
1SZ ££S^£~>«** a subsKuen, sefccted !» hydroxy and methoxy; 

25 H is an amino acyl residue of the formula: 



30 H / >jCH 2 ) p H jCH2) p 



B 9 



R 9 



wherein p is 1 to 4; R 39 is methyl, ethyl, propyl or isopropyl; and Rs is 

— / \ NHR 10 



45 



SO 



ss 



R„ are ^^TTt^^S^^Z torn^oup consisting 0. L-protyl. L-pipeco,,,, 
a rX.T27~S. ,*yd^soin P do te -™ny, and ~ 

JTTSffl ^orpMin,,. . . «*. S&^^ZST £ 
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fluoro substituted Ioweralkyi or hydroxy substituted ioweralkyi; or J is -NHNH-C(0)-NH-Ri 3 wherein R« 3 is 
hydrogen, Ioweralkyi, cycloalkyl. hydroxy substituted ioweralkyi or fluoro substituted Ioweralkyi; with the 
proviso that the amide bond between at least one of the pairs of residues A-B. B-C. C-D, D-E, E-F, F-G, G- 
H, H-l, or l-J is alkylated on the nitrogen atom and with the proviso that the compound is not 
(pyro)Glu-His-Trp-Ser-Tyr-Gly-N-Me-Leu-Arg-Pro-Gly-NH 2t (pyro)Glu-His-Trp-Ser-Tyr-D-Trp-N-Me-Leu-Arg- 
Pro-Gly-NH 2 , (pyro)G1u-His-Trp-Ser-Tyr-Gly-N-Me-Leu-Arg-Pro-NH 2 , or (pyro)GIu-His-Trp-Ser-Tyr-D-Trp-N- 
Me-Leu-Arg-Pro-NHa . 

3. The compound of Claim 2 wherein A is N-acetylsarcosyi, (pyro)~L-glutamy! t (2)-N- 
(ethyiaminocarbonyl)-(5)-N-ethylamidoglutamyl, L-N-acetylprolyl. N-acetyl-D-3-2-naphthy!alanyf, N-acetyl-L- 
3-2-naphthylalanyl, N-acetyl-D-3-1-naphthylalanyl. L-N-acetyi-N-methylalanyl, N-acetyl-L-prolyl. N-acetyl-D- 
3-4-fiuorophenyialanyl. N-acetyi-L-delta 3,4 -prolyl or N-acetyl-D-3-4-chforophenylalanyl; 

B is L-histidyl, L-phenylalanyl, 0-3-4-fluorophenyialanyl. D-3-phenyialanyl, D-3-2-naphthytalanyI, D-3-2- 
pyridylalanyi, N-methyl-L-phenylalanyl, N-methyl-D-phenylalanyi, N-methyl-L-histidyl, N-methyI-D-3-4- 
chlorophenylalanyl, N-methyl3-4-fluorophenylaianyl or D-3-4-chlorophenylalanyl: 

C is L-tryptyl. D-tryptyl, D-3-3pyridylalanyl, N-methyl-D-3-3pyridylalanyl, d-1-naphthyialanyl, D-4- 
chlorophenylaianyl, L-4-chlorophenylalanyl, N-methyl-1-naphthylalanyl, N-methyl-tryptyl, N-methyl-3-4- 
chlorophenyialanyl, N-methyl-O-methyityrosyl or L-O-methyltyrosyl; 

D is N-methyl-L-seryi, N-methyl-aianyi, N-methyl-threonyl, N-methyl-seryl(O-benzyl), seryl, threonyl, alanyl, 
seryl{0-ben2yl) or (2)-N-Me-(3)-N-Et 2.3-diaminopropionyl; 

E is tyrosyl, N-methyltyrosyl, phenylalanyl, lysyl(N-epsilon-nicotinoyl) or N-methyl-Iysyl(N-epsiion- 
nicotinoyl); 

F is D-leucyl, D-lysyl(N-epsilon-nicotinoyl), D-tryptyi, D-seryl(O-t-butyl), D-2-naphthylaianyl, D-(epsilon)- 
lysyl(N-epsiion-isp), N-methyl-D-seryl(O-t-butyl), D-tyrosyl. D-seryl. N-methyl-D-leucyl, N-methyl- D-tryptyl, 
N-methyl-D-2-naphthylalanyl. N-methyl-D-lysyl(N-epsiiion-nicotinoyi or D-cyclohexylaianyi; 
G is L-leucyl, L-N-methylleucyl, N-methyi-cyclohexylalanyl or L-cyciohexylalanyl; or F and G taken together 
is 2-<S-3-amino-2-oxo-pyrrolidin-1 -yl)-S-2-isopropy imethylacetyi; 

H is L-arginyl, N-methylarginyl f lysyl(N-epsilon-isoprpyl) or N-methyMysyl(N-epsilon-isopropyl; 

I is L-proiyl, L-pipecolyl or N-methyl-L-alanyl; and 

J is N-ethyl f glycylamide, azaglycyiamide or D-alanylamide. 

4. A method for increasing or suppressing levels of sex hormones in male or female mammals 
comprising administering to a host in need of such treatment a therapeutically effective amount of an LHRH 
agonist compound of Claim 1. 

5. A method for suppressing levels of sex hormones in male or female mammals comprising 
administering to a host in need of such treatment a therapeutically effective amount of an LHRH antagonist 
compound of Claim 1. 

6. A pharmaceutical composition for increasing or suppressing levels of sex hormones in male or 
female mammals, comprising a pharmaceutical carrier and a therapeutically effective amount of an LHRH 
agonist compound of Claim 1. 

7. A pharmaceutical composition for suppressing levels of sex hormones in male or female mammals, 
comprising a pharmaceutical carrier and a therapeutically effective amount if an LHRH antagonist com- 
pound of Claim 1 . 

8. A process for the preparation of a compound of the formula: 

A-B-C-D-E-F-G-H-I-J 
123456789 10 

or a pharmaceutical^ acceptable salt thereof; 

wherein A is an amino acyl residue selected from the group consisting of L-pyroglutamyl, D-pyrogiutamyl, 
N-acetyl-L-prolyl. N-acetyl-D-prolyl, N-acetyl-L-delta 3 * 4 -prolyl. N-acetyl-D-delta 3,4 -prolyl, N-acetyl-L- 
phenylaianyl, N-acetyl-D-phenylaianyl, N-acetyl-L-3-4-chlorophenyialanyl. N-acetyl-D-3-4-chlorophenyialanyl f 
N-acetyl-L-3-4-fluorophenylalanyl, N-acetyl-D-3-4-fluorophenylalanyl, N-acetyi-L-3-2-naphthylalanyl, N- 
acetyl-alpha-methyl-L-3-4-chlorophenylalanyl. N-acetyl-alpha-methyhD-3-4-chiorophenylalanyl, N-acetyl-L-3- 
4-trifIuoromethylphenylalanyl, N-acetyl-D-3-4-trifluoromethylphenylalanyl. N-acetyl-L-tyrosyl, N-acetyl-D- 
tyrosyl, N-acetyl-L-O-methyRyrosyl, N-acetyl-OOmethyl-tyrosyl. N-acetyl-D-3-2-naphthylalanyl, N-acetyl-L- 
3-1-naphthylalanyl, N-acetyl-3-1-naphthylalanyl, N-acetylsarcosyl. N-acetylgiycyl, L-N-acetyl-N-methylalanyl t 
N-acetyl-N-methyl-D-aianyl, N-acetyl-alpha-methyJ-L-phenylalanyl, N-acetyl-alpha-methyl-D-phenylalanyl, N- 
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acetyl-D-phenylalanyl. N-acetyl-L-phenylaJanyl, N-formylsarcosyl. N-formyl-N-methyl-L-alanyl. N-formyl-N- 
methylalanyl. 2-N-(ethylaminocarbonyl)-5-N-(ethylamido)glutamyl. N-delta-ethyl-glutamyl. L-prolyl, O-prolyl, 
L-delta 34 -prolyl, D-delta 34 -prolyl, L-phenylalanyl. D-phenylalanyl, L-3-4-chlorophenylalanyl D-3-4- 
chlorophenylalanyl. L-3-4-fluorophenyialanyl. D-3-4-fluorophenylalanyl. alpha-methyl-L-3-4- 
chlorophenylalanyl. alpha-methyl-D-3-4-chlorophenylalanyl. L-3-4-trifluoromethylphenylalanyl, D-3-4- 
trifluoromethylphenylalanyl, L-tyrosyl. D-tyrosyl, L-O-methyl-tyrosyl, D-O-methyl-tyrosyl. sarcosyl. Glycyl. L- 
N-methylalanyl, N-methyl-D-alanyl. alpha-methyl-L-phenylalanyl. alpha-methyl-D-phenyialanyl. D- 
phenylalanyl. and L-phenytalanyl; 

B is absent or an amino acyl residue selected from the group consisting of L-histidyl. D-nistidyl, L- 
phenylalanyl, D-phenylalanyl, L-3-(2-naphthyl)-alanyl, D-3-(2-naphthyl)-alanyl, L-3-(1 -naphthyl)-alanyl. D-3-(1 
naphthyl)-alanyl. L-3-(3-pyridyl)-alanyl. L-3-(2-pyridyl)-alanyl. D-3-(3-pyridyl)-alanyl, L-3-<3-pyrazolyl)-alanyl. 
D-3-(3-pyrazolyl)-alanyl. L-3-<4-chlorophenyl)aianyl, D-3-(4-chlorophenyl)alanyl, L-3-(4-fluorophenyl)alanyl, D- 

3- (4-fluorophenyl)alanyl. L-alpha-methyl-3-(4-chlorophenyl)alanyl, D-alpha-methyl-3-(4-chlorophenyl)alanyl. 
(3S>1 2 3.4-tetrahydroisoquinoline-3-carbonyl. (3R)-1,2.3.4-tetrahydroisoquinoline-3-carbonyl, (2)-N- 
(ethylaminocarbonyl)-(5)-N-(ethylamido)glutamyl. L-3-(2-pyridyl)-alanyl. D-3-(2-pyridyi)-alanyl. L-3-(3- 
pyridyl)-alanyl, D-3-(3-pyridyl)-alanyl. L-3-(3-quinolyl)-alanyl. D-3-(3-quinolyl)-alanyl, N-<R 3 , )-L-phenylalanyl. 
N-(R 3 , )-D-phenylalanyl, N-(R 3 , )-D-3-4-chlorophenylalanyl, N-(R 3 1 )-L-3-4-chlorophenylalanyl, N-<R 3 , J-D-3-4- 
fluorophenylalanyl. N-(R 3 ,)-L-3-4-fluorophenylalanyl, N-(R 3 ,K-3-4-trifluoromethylphenylalanyl. N-(R 3 , )-D-3- 

4- trifluoromethylphenylalanyl, N-(R 3 , )-L-0-methyHyrosyl, N-{R 3 1 )-L-tyrosyl, N-(R 3 ,)-D-0-methyhtyrosyl, N- 
(R 3 ,rO-tyrosyl. N-(R 3 ,)-L-histidyl, N-(R 3 ,)-0-histidyl. N-(R 3 ,)-D-3-(2-naphthyl)-alanyl, N-(R 3 ,)-L-3-(2-naph- 
thyl)-aianyl. N-(R 3 i)-D-3-(1-naphthyl)-alanyl. and N-fR^K^-a-naphthylhalanyl, wherein R 3 , is methyl, 
ethyl, propyl or isopropyl; 

C is an amino acyl residue selected from the group consisting of L-tryptyl. D-tryptyl. L-phenylalanyl. D- 
phenylalanyl. alpha-methyl-L-phenylalanyl, alpha-methyl-D-phenylalanyi. L-3-1-naphthylalanyl, D-3-1-naph- 
thylalanyl L-O-methyltyrosyl. D-O-methyltyrosyl. L-3-4-chlorophenylalanyl. D-3-4-chlorophenyla!anyl. alpha- 
methyl-L-3-4-chlorophenylalanyl, alpha-methyl-D-3-4-chlorophenylalanyl. L-3-4-trifluoromethylphenylalanyl, 
D-3-4-trifluoromethylpheny!alanyl, L-3-(3-pyridyl)-alanyl, D-3-(pyridyl)-alanyl. L-3-(3-quinolyl)-alanyl. D-3-(3- 
quinolyl)-alanyl. L-3-(2-naphthyl)-alanyl, D-3-(2-naphthyl>alanyl. N-(R 32 )-D-phenylalanyl. N-(R 32 )-L- 
phenylalanyl, ■ N-(R 32 )-D-tryptyl. N-(R3 2 )-L-tryptyl, N-<R 32 )-0-3-4-fluorophenylalanyl, N-<R 32 )-L-3-4- 
fluorophenylalanyl, N-(R 32 )-D-3-4-chlorophenylalanyl. N-<R 32 )-L-3-4-chlorophenylalanyl, N-(R 32 )-L-3-4- 
trifluoromethylphenylalanyl. N-(R 32 )-D-3-4-trif1uoromethylphenylalanyl, N-(R 32 )-D-3-(2-naphthyl)aianyl, N- 
(R 32 K-3-(2-naphthyl)alanyi, N-(R 32 >-0-3-(l-naphthyl)alanyl. N-(R 32 )-L-3-(1 -naphthyl)alanyl. N-<R 32 )-0- 
methyl-D-tyrosyl and N-(R 32 )-0-methyl-L-tyrosyl. wherein Ra 2 is methyl, ethyl, propyl or isopropyl; 
D is an amino acyl residue selected from the group consisting if prolyl. L-seryL O-benzyl-L-seryl. L-alanyl, 
L-threonyl, N-(R 0 )-L-seryl, N-<R 0 )-L-seryl(O-benzyl), N-{R 0 )-L-alanyl. and N-(Ro)-L-threonyl wherein Ro is 

loweralkyl or allyl; 

cr D is -N(Et)CH 2 CH(NHMe)C(0)-; 

E is an amino acyl residue selected from the group consisting of L-tyrosyl, L-O-methyl-tyrosyl. L- 
phenylalanyl, N-(R 33 )-L-tyrosyl. N-(R 33 )-0-methyl-L-tyrosyl. N-(R 33 )-L-phenylalanyl and N-(R 33 )-0-ethyl-L- 
tyrcsyl, wherein R 33 is methyl, ethyl, propyl or isopropyl; or E is 



H o R30 O 

^7ru s V-T (CH 2 ) n 

H (CH2) , 



wherein n is 1 to 4; R 30 is methyl, ethyl propyl or isopropyl; and R» is 

NHR2 




-NHR 2 wherein R 2 is hydrogen, loweralkyl. cycloalkyl or R 20 C(O)- wherein R 20 is a heterocyclic aromatic 
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ring system of one ring or two fused rings, each ring having 5 or 6 atoms, and the heterocyclic aromatic 
ring system having one. two or three heteroatoms independently selected from nitrogen, oxygen and sulfur; 
or R20 is a substituted phenyl wherein the substituent is selected from methoxy, amino, alkylamino and 
dialkylamino; or Ri is -NH(R 3 )C(0)NH(FU) or -NH(R 3 )C(NH 2 ) = NR* wherein R 3 and R* are independently 
selected from hydrogen, loweralkyl and cycloalkyl; 

F is a D-amino acyl residue derived from any of the naturally occuring alpha-amino acids or from synthetic, 
non-natural alpha-amino acids; 

Q is an amino acyl residue selected from the group consisting of L-leucyl, L-isoleucyl, N-(R3s)-isoleucyl t 
norleucyl, N-(R 38 )-norleucyl, L-N-(R 38 )leucyl, alloisoleucyl, vaiyl, norvalyl, tyrosyl. tryptyl, 2-aminobutyryl f 
(cyclohexyl)-L-alanyi, N-(R 3 8)-L-cyclohexylalanyl, N-(R3 8 )-valyl, phenylalanyl, N-(R 38 )-phenylalanyl. N-(R 38 )- 
tryptyl, N-(R 38 )-tyrosyl, prolyl, pipecolyi, seryl and N-(R 38 )-seryl, wherein R 38 is methyl, ethyl, propyl or 
isopropyl; or 

F and G taken together are 




CH 3 



wherein R* 7 is hydrogen, loweralkyl, 3-tndolylmelthyl, 2-naphthylmethyl, benzyl or substituted benzyl 
wherein the phenyl ring is substituted with a substituent selected from hydroxy and methoxy; 
H is an amino acyl residue of the formula: 




wherein p is 1 to 4; R33 is methyl, ethyl, propyl or isopropyl; and R9 is 




NHR 10 



or -NHR10 wherein Rio is hydrogen, loweralkyl. cycloalkyl or R 2 2C(0)- wherein R22 is a heterocyclic 
aromatic ring system of one ring or two fused rings, each ring having 5 or 6 atoms, and the heterocyclic 
aromatic ring system having one, two or three heteroatoms independently selected from nitrogen, oxygen 
and sulfur; or R22 is a substituted phenyl wherein the substituent is selected from methjxy, amino, 
alkylamino and dialkylamino; or R 9 is -NH(R n )C(0)NH(Ri 2 ) or -NH(Rii)C(NH 2 ) = NRi 2 wne.ein Rt» and 
R12 are independently selected from hydrogen, loweralkyl and cycloalkyl; 

I is an imino acyl or aliphatic amino acyl residue selected from the group consisting of L-prolyl, L-pipecolyl, 
3-(loweraikyl)-prolyl, N-methyl-L-aianyl, N-methyl-norvalyl. l-dihydroisoindole-2-L-carbonyl and thiazolidine- 
5-L carbonyl; and 

J is 1-pyrrolidinyl, 1-piperidinyl, 4-morpholinyl, or an amino acyl residue selected from D-alanylamide, L- 
alanylamide, sarcosylamide, N-(R4o)-D-alanylamide, N-(FUoK-alanylamide ( N-(R4 0 )-beta-L-ajanylamide, N- 
(R*o>-beta-D-a(anylamide, L-2-aminobutyrylamide, D-2-aminobutyrylamide, N-<R4o)-L-2-aminobutyrylamide. 
N-(R*o)-D-2-aminobutyrylamide. L-serylamide, D-serylamide. N (R4o)-L-serylamide. N-(R*o)-D-serylamide; 
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ethvl propyl or isopropyU ° J ,S " oxv substituted loweralkyl: or J is n d , owe ralkyl; w.lh the 

Cro substituted loweralkyl or hydroxy toweralkyl or fluoro jubsmu ^ p.Q, G- 
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